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ABSTRACT
This Progress Report covering the period of December 1,1992 to June
1,1993 presents the development of an analytical solution to the heavy
ion transport equation in terms of Green's function formalism. The mathe-
matical development results are recasted into a highly efficient computer
code for space applications. The efficency of this algorithm is accom-
plished by a nonperturbative technique of extending the Green's function
over the solution domain. The code may also be applied to accelerator
boundary conditions to allow code validation in laboratory experiments.
Results from the isotopic version of the code with 59 isotopes present
for a single layer target material, for the case of an Iron beam
projectile at 600 MeV/nucleon in water is presented. A listing of the
single layer isotopic version of the code is included.
IN3IRODUCTION
Future NASA missions will be limited by exposure to space radiations
unless adequate shielding is provided to protect men and equipments
from such radiations. Adequate methods required to estimate the damage
caused by such radiations behind various shlelds can be evaluated prior
to commitment to such missions.
From the inception of the Langley Research Center heavy ion (HZE)
shielding program (refs. 1-3), there has been a continued, close relation-
ship between code development and laboratory experiment (ref. 3). Indeed,
the current research goal is to provide computationally efficient high
charge and energy ion (HZE) transport codes which can be va]_dated with
laboratory experiments and subsquently applied to space engineering design.
In practice, two streams of code development have prevailed due to the
strong energy dependence of necessary atomlclmolecular cross sections and
the near slngular nature of the laboratory beam boundary conditions (refs.
4-6). The atomlc/molecular cross section dependence is adequately dealt
with by using the methods of Wilson and Lamkin (ref. 7), allowing effici-
ent numerlcal procedures to be developed for space radiations (refs.
6,8-10). Although these codes could concelvably be applled to the labo-
ratory valldatlon, methods to control truncation and dlscretlzatlon errors
would bear little resemblance to the space radiation codes attempting to be
valldated. Clearly, a radlcal reorlentatlon is required to achieve the
validatlon goals of the current NASA space radiation shlelding program,
and such an approach is the main thrust of this research and is briefly
described below.
A useful technique in space radiation shielding is the use of the impulse
response Green's function (refs. ll,12}, which satisfies the Boltzman
equation of the form
where Gjm reduces to a monoenergetic unidirectional function at the bound-
ary, Sj(E) is the stopping power, _ is the total cross section, and_k
is the inclusive differential cross section. /Ln arbitrary solution to the
Boltzman equation within a closed convex region can be written as
x _m(E', d', _)d_'dE'dl _ (2)
where fm(E',_',_) is the incident flux at the boundary (ref. ii). Since
transport problem is formulated in terms of a single Green's function
algorithm, the validation of the Green's function in the laboratory
meets the objective of having a space validated code. Since there is
hope of a Green's function based on an analytical solution of the
Boltzmann equation (ref. 13), the resulting evaluation of the shield
properties should be computationally efficient.
The first step in this process is to develop an equivalent Green's
function algorithm in one dimension to match the current capability
in space radiation transport calculation (refs. 6,14). The algorithm
is based on the clo_ed form solution to the one dimensional equation
)=__Ej_ /ajk (E,E')Gkm (EI, Eo, z)dE t (3)
for a monoenergetic bean at the boundary, The probaltty of validation
20
for Ne beams of this algorithm (with multiple scattering corrections)
has already shown good correlation (refs. 5,15), but improvements in
the nuclear data base are required for achieving higher correlations
with experiment. If considerations are restricted to multiple charged
ions then the right hand side of equation (3) can be further reduced to
(4)
k
for which a solution is presented below.
APPROXIMATE GREENS'S FUNCTION
Equation (4) can be simplified by transforming the energy into the
the residual range as
f0 Erj "- dES/Sj(E ') (,)
and defining new field variables as
(B)
(7)
so that equation (4) becomes
' rj,rm)ax Orj + _J _jm(x, '
(s)
with boundary condition
Ojm(O,rj r') = 6jm_(rj - r')
and
(o)
._0 °°_j(_,rj) _ ' ' '= Ojm(Z, rj,rm)fm(rm)drm 110)
m
The solution to equation (8) may be written as
OJm(X'rJ 'rtm) ----E Gli) ix r/m) (11)Yjm" ,rj,
t
where zeroth order term of equation (11) is
(;}°)m(Z, rj,rlm) = y(j) 6jm 6(x ÷ rj -- rtm) (12)
and the first order term of equation (ll) is
(;_l)m(Z, rj,rlm) _ vj aim g(j,m) (13)
X(_m- v_)
Vm -- -- Vm rj + x (14)
is zero unless
The second order terms of equation (11) are
(;(2), Ojk Okm g(j, k, m)jm_ ,rj, rtm) _ E (15)
k rlmu--rlmE
twhere
(16)
_rj+z
yjrJ+_tz
Vm
vS_-.rj + =
(vm > _k> 5) 1
(vk> vm > vj)
(vm > 5 > v&)
(17)
and
!
rmt =
_)Vm(rj+
ujrj+u_ z
Vm
(vm > vk > 5)
(vh > vm > 5)
(Vm > 5 > vk)
(tS)
The third order terms of equation (ii) are
ojk Okl otto g(J, k, t, m)
k,t rmt
and similarly for higher order terms.
are given by
(19)
In the above the g's of n arguments
g(i)= e-°_ = (20)
and
9(J_, J2,... J-, J-+ l)
Y(J|,Ja'"Jn-l'Jn) - g(Jt'Ja""Jn-l'Jn+1) (21)
oj.+l - oj,
In terms of above, the solution to equation (4) may be written as
0_(=) v.IR_l (,-',,,t)i+:c: {
m,t
- P,_IR_I C..)i} (22)
where
E ojj,ojtj_.. "°jr,_am 9(J, JtJ2 "" "in-2 ,m) (23)A(O
Jt J2"'J.-:
A(0 =
for i=1, the denominator of equation (23) is
A (1) -- x (vm _ 1) (24)
vj
and for I)i, the denominator becomes
v_1
:r (1-vm ) (Vm>Vk>vj)
(2s)•(_-_.)_>_->_
vt
x(I-Vm ) (Vm>Vj>vk)
In equation (22), Fm(E) is the integral flux at the boundary, and
is defined as
/2Fro(E) = fm(Et)dE ' 126)
Implementation of equation (22) can now be accomplished independent
of the character of the boundary values fm(E) and will give accurate
results for both space and laboratory applications.
DISCUSSION OF RESULTS
Values of collision related fluxes for 3 depths of water target
for a mono-energetic beam of Iron projectile with 600 MeV/nucleon
are shown in figures 1 through 3 for both the perturbative and
nonperturbative Green's function methods for the direct comparison
of the two methods. The first three collision terms and the sum of
all collision terms of both theories at a depth of 5 cm of water
are shown in figure I.A through I.H. The differences in the spectral
shape is due to the simplification of the attenuation term in the
nonperturbative theory. The nonperturbation terms represnt the
average spectrum while perturbation theory retains the spectral shape.
Figures 2.A through 2.H and 3.A through 3.H are the corresponding
comparison of the two methods at depths of i0 and 15 cm of water.
Direct comparsions of figures 1 through 3 shows that the sequent@ Of
perturbation terms appear to be converging to a result similar to that of
nonperturbative result.
The main advantage of nonperturbative methods are in their
computational efficencies. The computational time required for the
nonperturbative code is about i0 minutes on VAX 4000 compared
to 15, 45, 90 minutes for the 1-st, 2-nd and 3-rd collision terms
of the perturbation solution.
Figures 4.A through 4.C show the corresponding differential LET
spectrum using the method of reference 16. The highest LET peak is due
to the primary beam and the ion fragments. The successive peaks below
iron are due ho low@r atomic weight fragments. Such LET spectra can
be compared to experimental measurments directly.
REFERENCES
l •
J. W. Wilson and C. M. Costner, "Nucleon and Heavy Ion Total and
Absorption Cross Section for Selected Nuclei," NASA TN D-8107, Decentber
1975.
•
J. W. Wilson, "Analysis of the Theory of High Energy Ion Transport,"
NASA TN D-8381, March 1977.
3,
" Va J. ofJ. W. Wilson, "Depth Dose Relations for Heavy Ion Beams,
Sci. 28, 136-138 (1977).
•
J. W. Wilson, "Heavy Ion Transport in the Straightahead Approximation,"
NASA TP-2178, June 1983.
m J. W. Wilson, L. N. Townsend, H. B. Bidasaria, W. Schimmerllng, M. Wong
and J. Howard, " Ne Depth Dose Relations in Water, "Health Physics 46,
ii01 (1984).
•
J. W. Wilson and F. F. Badavi, "Methods of Galactic Heavy Ion Trans-
port," Radiat. Res. 108, 231 (1986).
,
J. W. Wilson and S. L. Lamkin, "Perturbation Approximation for Charged
Particle Transport in One Dimension," Nucl. Sci. and Eng. 57, 292-299
(1975).
8_ J. W. Wilson, L. W. Townsend, S. Y. Chun, S. L. Lamkin, B. D. Ganapol,
B. S. Hong, N. W. Buck, F. Khan, F. A. Cucinotta and J. E. Nealy,
"BRYNTRN_ A Baryon Transport Model, " NASA TP-2887, 1989.
• J. L. Shinn, J. W. Wilson, M. Weyland and F. A. Cucinotta, "Improve-
ments in the computational Accuracy of BRYNTRN (A Baryon Transport
Code," NASA TP-3093, 1991.
i0. J. L. Shinn and J. W. Wilson, "An Efficient HZETRN (A Galactic Cosmic
Ray Transport Code)," NASA TP-3147, 1991.
ii. J. W. Wilson and G. S. Khandelwal, "Dose Approximations in Arbitrary
Convex Geometry," Nucl. Tech. 23,298 (1974).
12. J. W. Wilson, S. L. Lamkin, B. D. Ganopal, H. Farhat and L. W. Townsend
, "A Hierarchy of HZE Transport Approximations," NASA TM-4118, 1989.
13. J. W. Wilson, L. W. Townsend and B. D. Ganopal, "A Closed Form Solution
to the HZE Propagation," Radiat. Res. 122, 223 (1990).
14. J. W. Wilson, S. ¥. Chun, F. F. Badavi and L. W. townsend, "HZETRN: A
Heavy Ion/Nucleon transport Code for Space Radiations," NASA TP-3146,
1991.
15. W. Schimmerling, "Ground Based Measurments of Galactic Cosmic Ray Frag-
mentation in Shielding," COSPAR, 1990.
16. J. W. Wilson, F. F. Badavi, "A Study of Generation of Linear Energy
Transfer Spectra for Space Radiations," NASA TM-4410, 1992.
o. olO
o. 008
o. ooe
O. 004
o. oo:1
Figure 1.A. 1-st term nonpertubation solutlon at a depth of 5 em o[ water
.for a 600 MeV/nueleon Iron projectile.
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Figure I.B l'st t@rm. perturbation solution at a depth of 5 cm of water
for a 600 HeY/nucleon Iron projectile.
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Figure l.C. 2-nd term nonperturbatlon solution at a depth of 5 cm of water
for a 600 HeY/nucleon Iron projectile.
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Figure I.D. 2 =rid term perturbation solution at a depth of 5 cm of water
for a 600 HeY/nucleon Iron projectile.
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Figure I.E. 3-rd term honperturbatton solution at a depth of 5 cm of water
for a 600 HeY/nucleon Iron projectile.
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Figure 1.F. 3-_d term'_erturbation solution at a depth of 5 em of water
for a 600 HeV/nueleon Iron projectile.
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Figure l.q. AI_ terms honperturbatton solution at a depth of 5 cm of water
for a 600 HeY/nucleon Iron projectile.
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Figure I.II. All termd perturbation solution at a depth of 5 cm of water
for a 600 HeV/nucleon Iron projectile.
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Figure 2.A. IZ_t ter_inonperturbation solution at a depth of 10 cm of water
for a 600 HeY/nucleon Iron projectile.
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Figure 2.B. 1-st term _erturbation solution at a depth of 10 cm of water
for a 600 HeY/nUcleon Iron projectile.
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Figure 2.C. 2-rid term fionperturbatton solution at a depth of I0 cm of water
for a 600 HeY/nucleon Iron projectile.
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Figure 2.D. 2-rid term Oerturbatton 8olution at a depth of 10 cm of water
for a 600 MeV/nucleon Iron projectile.
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Figure 2.E. 3-rd term perturbation solution at a depth of 10 cm of water
for a 600 HeV/nucleon Iron projectile.
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Figure 2.F. 3-fd ter_perturbatton solution at a depth of 10 cm of water
for a 600 HeY/nucleon Iron projectile.
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Figure 2.g. All Lerm_ honperturbatlon solution at a depth o[ I0 em of water
for a 600 MeV/nucleon Iron projectile.
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Figure 2.H. All term_ perturbation solution at a depth of 10 cm of water
for a 600 MeV/nueleon Iron projectile.
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Figure 3.h. 1-bt term fionperturbatton solution for a depth ofJ5 em of water
for a600 HeY/nucleon Iron projectile.
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Figure 3.B. 1-at term perturbation solutioh for a depth of i5 em of water
for a 600 HeV/nueleon Iron projectile.
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Figure 3.C. 2-rid term nonperturbation 801utton for _ depth of 15 em of water
for a GO0 HeY/nucleon Iron projectile.
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Flgure 3.P. 2-nd term perturbatlon solution for a depth of 15 cm of water
for a 600 HeV/nucleon Iron proJectlle.
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Figure 3.E. 3-rd term _onperturbatlon solution for a depth of 15 cm of water
for a 600 MeV/nucleon Iron projectile.
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Figure 3.F. 3-rd tern_p_rturbatton solution for a depth of 15 em of water
for a 600 HeY/nucleon Iron proJeettle.
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Figure 3.G. All term_ nbnperturbation solution for a depth of 15 em of water
for a 600 HeY/nucleon Iron proJeetile.
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Figure 3.H. All terms pbrturbatton 8olutton for a depth of 15 cm of water
for a 600 HeY/nucleon Iron projectile.
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Figure 4.A. Differential LET spectrum for a depth of 5 cm of water for a 600
HeY/nucleon Iron projectile.
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Figure 4.B. Differential LET spectrum for a depth of 10 cm of water for a 600
HeV/nucleon Iron projectile.
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Figure 4.C. Differential LET spectrum for a depth of 15 cm of water for a 600
HeV/nucleon Iron projectile.
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_OGflj_kH GREEN_FUNCTION
?A_AMRTER(IJ.59,ik=IJ*IJ,IL-IJ+I, IRRS=301)
C08HON/TARGET/NLRy,xLAY,DN,NAT,RTRG(SJ,ZTRG{5) ,DENSTRG(5|
DISENStON _O(IJ),G0(Ij,IJ),GI(Ij,IJ),G2(IJ,IJ},GG(IJ,IJ)
DIHENSION EIL(IJ#IJ},EIU(IJ,IJ},EHL(IJ,IJ),EMU(IJ,IJ)
DIMENSION B{Ij,IJ},AT(IJ),ZT(IJ}
DIMENSION ACC(OtIJ|, PHI(IJ}'ET(IERs|'sT(IERs}'RT(IERs}'F(IERs'IJ)
DATA EO,EIL,EIU,EHL,EHU,ACC/IJ*O.,IK*O.,IK*O-,IK*0",IE*0''IL*0"/
NLA¥_I
NAT-2
DN=I.
ATRG(1)_i.
ZTRG(1)=I
DENSTRG(I)=S.GSE22
ATRG{2)=I6.
ZTRG(2)-B-
DENSTRG(2)-J.34E22
INITIALIZE TS ARRAY WITH A DUHMY CALL, SO
ROUTINES ARE ACTIVATED
DUHHY=TS(i.,i,i}
OPEN(UNIT.2,FILE=,_LUX.DAT',STATUS='NEW'}
OPEN(UNIT.3,FILE-'GLUX.DAT',STATUS''NEW')
A(J),Z(JI,ANU(J)
X_5.
ENAX=600.
pROJECTILE IS IRON 26,56 WITll AN INDEX OF
57 IN OUR ISOTOPE TABLE
INDEXAP=57
DO 3 II=l,IJ
ZT{II)_Z(II)
AT(III=A(II)
KOUNT=O
DO l E-O.,EHAX,2.
KOUNT=KOUNT+I
EA_E
IF(EA.LT.I.E-3) EA=I.E-3
ETiKOUNT)fEA
ST(KOUNT)=SMAT{EA,I-, I. )
RT{KOUNT)-RHAT(EA, I.,I-)
CALL FLUX(PRI,EA,X,INDEXAP}
DO 2 I_l,IJ
F(KOUNT,I)=PHI(1)_ST(KOUNT) *ANU(I)
CONTINUE
CONTINUE
IF(KOUNT:NE.IERS) TIIEN
PRINT *, VALUE OF IERS
STOP
IN pARAMETER STATEMENT IS INCORRECT'
C
C
C
C
C
_HD IF
_ITB(2,_)iJ,AT,ZT
_RIT_(2_*)BT,RT,ST,_
_t_ oUT G_APHtCAL OUTPUT (30), _OT OESCALE FLUX BY LET
bo 5 R=I,ROUHT
DO 5 I=I,IHDEXAP
WRITE(3,*)I,F(K,I}/(ST(K)*ANU(1)),ET(K)
CONTINUE
C
C
C
C
C
C
C
C
C
CLOSE(UNIT_2}
CLOSe(UnIT-3)
ENO
SUBROUTINE
PARAM_TEn(
DIMENSION
DIMENSION
DIHENSION
PLUX(_HI,E,X,IP)
tJ-59,tKffiIJ*ZJ,IL=ZJ+l)
E0(IJ),G0(Ij,IJ),GI(IJ,IJ),G2(IJ,IJ),GG(IJ,IJ)
EIL(IJ,IJ),EIU(IJ,IJ),EHL(IJ,IJ),EMU(IJ,IJ)
B(IJ,IJ),PHI(IJ)
CALL GREEN(X,E,G0,GI,B,G2,GG,E0,EIL,EIU,EHL,EHU)
DO I I-l,IJ
r_i(I)-O.
I CONTINUE
C
CALL FO(EO(IP),IP,PSI,CPSI,EPSI)
C IF(EO(IP).GT.500.)
C -PRINT*,'EO,GO,PSI, IP_',EO(IP)'GO(IP'IP)'PSI'IP
PIII(IP)-GO(IP,IP}*PSI
IF(PIII(IP).LT.I.E-20)PHI(IP) _0.
ALL BUT NEUTRONS ARE CALCULATED FOR NOW (IE,J>|}
C
C
DO 2 J_2,IP-I
CALL FO(EIL(J,IP},IP,PSI,CPSIL,EPSIL)
CALL FO(EIU(J,IP),IP,PSI,CPSIU,EPSIU)
DNOM=CPSIL-CPSIU
EAVE_(EIL(J,IP)_EIU(J,IP))/2.
RAVE=RNAT(EAVE,A(IP},Z(IP)}
EAV=EAVE
IF(DNOM.GT.0.) EAV_(EPSIL-EPSIU)/(CPSIL-CPSIU)
IF(EAV.LT.EIL(J,IP})EAV_EIL(J,IP}
IF(EAV.GT.EIU(J,IP))EAV_EIU(J, IP)
IF((EAV-EIL(J,IP)}*(EIU(J,IP)-EAV}.LT-O.}
-PRINT *," EAV',EAV,EIL(J,IP),EIU(J,IP)
RAwRHAT(EAV,A(IP),Z(IP)}
PIII(J)_PHI(J}+(GI(J,IP}_B(J,IP) *
-(RAV-RAVE))*(CPSIL-CPSIU)
IF(B(J,IP}.GT.O.| PRINT *,' B_',B(J,IP),J,IP
CALL FO(ENL(J,IP},IP,PSI,CPSIL,EPSIL}
CALL FO(ENU(J,IP),IP,PSI,CPSIU,EPSIU)
PHI(J}_PHI(J)_(G2(J,IP)+GG(J,IP))*( CPSIL-CPSIU}
IF(PIII(J).LT.I.E-20) PHI(J) _0.
2 CONTINUE
RETURN
END
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
SU_flOUTI_R t0{_,I_,PSI,cPsI,EPSI}
_fi_ttRTR_{IJ-_,Ik-IJ*IJ,IL-IJ+l)
THIS SUB_OUTtHR GEHERATES THE SCALED FLUX
AND THE CORRESPOHDING INTEGRAL VALUES _O_
DATA z_,AP,_O,SIG,SQ2PI/26.,56.,600.,[.5,2-5066/
Zp,AP,_0,SIG DEFINES THE REAM
Zp=cSARGE
AP=HASS
E0_MEAN ENERGY (MEV/_J_U}
SIG_STANDARD DEVIATION OF ENERGY
AT THE BOUNDARY
LABORATORY SPECTRA
IBE_[-I G^USSIAH DIST
IBEAM=O DELTA DIST
IF(IBEAM.EQ.|) GO TO i
PSI=O.
IF(E.GT.E0) THEN
CPSI=0.
EPSI-O.
ELSE
CPSI_I.
EPSI_EO
END IF
RETURN
I PSI.SNAT(E,A(Ip),z(IP))*TEXP(-((E0-E)/SIG)**2/2")
-/(SQ2PI*SIG*A(IP))
CPSI.(1.-ERF((E-EO)/(I.414*SIG)))/2-
EPSI,EO,CPSI+SIG,TEXP{-((E-EO)/SIG)**2/2.)/SQ2PI
RETURN
END
FUNCTION ERF(X}
REAL*8 ERF,X
REAL*8 PERF,PX
PX= Ass(x)
ERF_PERFtPX)
IF{X.LT.O.)ERF=-ERF
RETURN
END
FUNCTION PERF(XJ
C
C
REAL*8 PERF,X
REAL*L6 QX,QERF,T,_I,A2,A3
DATA AI,A2,A3/.3480242DO,-.O958798DO,'7478556D0/
QX_X
T=I.DO/(I.DO+.47047DO*QX)
QERF=T*(AI+T*{A2+T*A3))
PERF=I.D0_QERF* EXP(-QX*QX)
RETURN
END
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
_U_CTtO_ Gb_fl01(k0,IAP,8,1AP,XI
fUnCTIoN GPg_0| IS _On HOHO _ 8E/tq AHD VELOCITY CONSERVING INTERACTIONS
R_AL HUP,_UP
98
PsIoi-o.
GPERO|=O,
ZF{E.LE.O.) R_TURR
IF(Z(IAF).LT.I.) R_TURN
FRAGZ_TS(E0,1Ar,IAP)
AP_A(IAP)
AF-A(IAF)
zP-Z(IAP)
zr-z(zAr)
NUP-ZP*ZP/AP
_UF-ZF*ZF/AF
RJ-RMAT(E,AF,ZF)
RJL-NUP*(R0-X)/NUF
RJU=NUP*R0/NUF-X
EJL-EMAT(RJL,AF,ZF}
EJU_EMAT(RJU,AF,ZF)
ETA-(2.,NUP,R0-(NUPCNUF)*(X_RJ))/(NUP-NUF)
XF=(X-RJ-ETA)/2.
XP_(XCRJ¢ETA)/2.
SIGF_XS(EO,IAF)-TS(EO,IAF,IAF)
SIGP-XS(EO,IAP)-TS(EO,IAP,IAP)
IF(X.EQ.O.)PRINT *," AF,ZF,SIGP,SIGF, FRAG" ',AF,ZF,SIGP,SIGF,FRAGZ
IF(XF.LT.O..OR.XP.LT.0.] GO TO 98
PSI01_FRAGZ,NUF*TEXP(-SIGF*XF-SIGP*XP)/ABS(NUP-NUF)
GPEROI_PSIOI/(SMAT(E,AF,ZF)/AF)
CONTINUE
RETURN
END
FUNCTION GPERO2(EO, IAP,E,IAF,X)
FUNCTION GPER02 EVALUATES THE SECOND TERH IN PERTURBATION
SERIES. THE SOLUTION IS ENERGY INDEPENDENT X SECTIONS
AND IGNORES THE MOMENTUM SPREAD CAUSED BY FRAGMENTATION.
IE, VELOCITY CONSERVING INTERACTIONS. ALSO A NONOERERGETIC BEAM.
REAL HUP,NU_,HUK
DATA ZERO/-I.E-_/
GPER02=0.
IF(IAF.GE.IAP-|} RETURN
IF{Z(IAF).LT.I.I RETURN
AP-A(IAP)
ZP-Z(IAP)
NUP-ANU(IAP}
SIGP_XS(EO,IAP]-TS(EO,IAP,IAP]
JAF_IAF
AFJ_A(IAF)
ZFJ=Z(IAF}
NUJ-ANU(IAF}
SIGJ-XS(EO, IAF)-TS(EO, IAF,IAF)
DO 99 K-IAF¢I,IAP-I
KAF_K
A_K=A[k^_)
IP(Z_K.LT.I.) Go TO
_UK=ANU(RAF)
SIGK=XS(EO,KAP)-TS(EO,RAF,RAt)
FRAGK=TS(EO,KAF,IAP)
FRAGJ=TS(EO, IAF,KAF)
RO=RHAT(EO,AP,ZP)
XjI=(NUK,(RMAT(E,AFK,ZFK)$X)-NUP*RO)/(NUK-NUJ)
XJ2.NUp,(RMAT(E,AP,ZP)+X-RO)/(NUP-NUJ)
IF(NUK.GT.HUP) GO TO 66
IF(NUJ.GT.NUR} GO TO 77
XJL=0.
IF(XJ|.GT.XJL) XJL_XJJ
XJU=X
IF(XJ2.LT.XJU) XJU =XJ2
GO TO 80
66 XJL=0.
IF(XJL.LT.XJ2) XJL=XJ2
XJU_X
IF(xJU.GT.XJI) XJO _xJI
GO TO 80
77 XJL_O.
XJU=X
IF(XJU.GT. xJl) XJU= XJI
IF(XJU.GT.XJ2} XJU =XJ2
80 CONTINUE
IF(XJU.LT.XJL) CO TO 96
XML_(NUP,RO-NUK,(RMAT(E,AFK,ZFK}_X)_(NUK-NUJ) *XJL)
-/(NUP-NUK)
XKL.(NUp,(RHAT(E,AP,ZP)+X-RO)-(HUP-NUJ)*XJL)
-/(NUP-NUK)
XMU=(NUP,RO-NUR,(RHAT(E,AFK,ZFK)_X}_(NUK-NUJ) *XJU)
-/(NUF-NU_)
XKU=(HUp,(RHAT(R,AP,ZP)_X-RO)-(HUP-HUJ)*XJU]
-/{NUP_NUKI
FRAGJ TS(EO, IAF,RAF)
IF(XHU.LT.ZERO)GO TO 96
IF(XKU.LT.ZERO} GO TO 96
IF{XJU.LT.ZERO) GO TO 96
IF{XML.LT.ZERO} GO TO 96
IF(XKL.LT.ZERO) GO TO 96
IF(XJL.LT.ZERO| GO TO 96
ARGL_SIGP*XML$SIGK*XKL+SIGJ*XJ L
ARGU_SIGP,XHU+SIGK*XKU_SIGJ*XJU
SLOPE=SIGJT((NUK-NUJ)*SIGP-(NUP-NUJ)*SIGK)/(NUP-NUK)
SLOPE=ABS{HUP-HUK}*SLOPE
VALUE=[TEXP(-ARGL)-TEXP(-ARGU)}  SLOPE
GPERO2_GPERO2+FRAGJ*FRAGK*NUJ *VALUE
96 CONTINUE
97 CONTINUE
98 CONTINUE
99 CONTINUE
C
GPERO2=GPERO2/(SMAT(E,AFJ,ZFJ)/AFJ)
RETURN
END
C
C
C
C
C
C
FUNCTION GPERO3{EP,IAP,_,I^S,X)
FUNCTION GPER03 IS AN APPROXIMATE EVALUATION OF THIRD COLLISION TERM
OF THE PERTURBATION SERIES. X-SECTIONS ARE CONSTANT AND THE BEAM IS
HONOENERGETIC. USE IT AS RECUIRED TIL SOME THING BETTER
COMES _LONG. PROBABLY NOT TOO BAD.
CC
C
C
C
C
C
C
C
C
GLX3=O.
IFlZlIASl.LE._.)IF(Z(IAT).LT..)
Zr-Z(IAP)
^e-A(IAP)
ZS-Z(IAS)
AS_Z(IAZ)
NUP-ANU(IAP)
NUJ_ANU(IAS)
GPER03_0.
IAI=IAS_I
IAIHAX=IAP-I.
DO I RI=IAI,IAINAX
AKI_A(KI)
ZKI=Z(KI)
SIGKI_XS(EP,K1)-TS(EP,KI,KI)
SIGP_XS(EP,IAP)-TS{EP,IAP,IAP)
SIGS_XS(EP,IAS)-TS(EP,IAS,IAS)
FRAGKI_TS(EP,KI,IAP)
IA2_IAS+I
IA2HAX=KI-|
3
2 CONTINUE
1 CONTINUE
DO 3 K2_IA2,IA2HAX
AK2:AIR2)
ZK2Z(R2)
HUK ANU(R2)
SIGK2-XS(EP,K2)-TS(EP,K2,K2)
FRAGK2-TS(EP,K2,K])
FRAGS_TS(EP,IAS,K2)
RO_RHAT(EP,AP,ZP)
RLJ_RO-X
RUJ_(NUP*RO-NUJ*X)/NUK
EUJ=EHAT(RUJ,AK2,ZK2)
ELJ_EHAT(RLJ,AP,ZP)
IF(NUP.GT.NUK) GO TO 7
RLJ_NUP*RO/NUK-X
RUJ_RO-NUJ*X/NUP
ELJ_EHAT(RLJ,AK2,ZK2)
EUJ_EHAT(RUJ,AP,ZP)
IF(NUK.GT.NUP| GO TO 7
RLJ_RO-X
RUJ_NUP*RO/NUK-X
ELJ_EMAT(RLJ,AP,ZP)
EUJ=EHAT{RUJ,AK2,ZK2)
CONTINUE
IF(E.GT.EUJ.OR.E.LT.ELJ) GO TO 3
GLX3_GLX3+FRAGS*FRAGK2*FRAGK|
-*G3(SICS,SIGK2,SICK|,SIGP,X)/(EUJ-ELJ)
CONTINUE
GPER03_CLX3
nETURN
END
FUNCTION GI(A,B,X)
BB--B
C
C
C
C
C
C
C
C
C
C
C
C
IF(A.BQ_B) BB=I.ooooooI*B
GIy(TRXP(-A_X)-TRXP(-BBtX))/IBB-A)
RRTU_N
RND
_UNCTION G2(A,B,C,X)
CC=C
1F{B.EQ.C) cc-l.O00001*C
BB-B
IF(A.EQ.B)BB=I.0000005*B
G2-IGIIA,BB,XI-GIIA,CC,X)I/ICC-BB)
RETURN
END
FU_CTIO_ G3(A,B,C,D,X)
DD_D
IF(C.EQ.D) DD=I.OOOOI*D
CC=C
IF(B.EQ.C) CC=l.O00005+C
G3=IG2IA,B,CC,XI-G2IA,B,DD,Xll/IDD-CC}
RETURN
END
FUncTIoN G4(A,B,C,D,E,X}
C
C
C
C
C
C
C
C
EE_
G4 (G3(A,B,C,D,X)-G3[A,B,C,EE,X))/(EE-D)
RETURN
END
_UNCTION TS(E,J,K)
PARM_ETE_ (NE=?,IJ=59,NUMl=NE*IJ, NUM2=NUHI*IJ)
DIHENSION TST(NE,Ij,Ij),XST(NE,IJ),AA(S),ZZiS),DD(5),ET(NE)
DIHENSION ATST{IJ),ZTST(IJ)
COMNON/TARGET/NLA¥,XLAY,DN,NAT,ATRG(5),ZTRG(5},DENSTRG(5)
DATA
DATA
DATA
DATA
NOLO/O/
ET/25.,75.,150.,300.,600.,1200.,2400./
TST/NUM2*0./
XST/NUHI*O./
NE i =OE
N=I
IF(NLAY.NE.NOLD) GO TO 80
30 IE--l
38 IF{IE.GT.NEI) GO TO 3S
ETI_ET(IE)
IF(E.LT.ETI} GO TO 39
IE--IE+l
GO TO 38
39 IF(IE.EQ.I) GO TO 35
TSI=TST(IE,J,K)
CC
C
TS2-TST(I_:iIJIk)
TSm_92_(TgI-TS2),(_-_T(I_-I))/(_T(IE)-ET(IE-I))
co _o J_
J5 IF(IE.EQ.I) TS=TST(IE,J,K)
IF(IE.GT.NEI) TS=TST(NEI,J,K)
36 RETURN
ENTRY XS(E,J)
N=2
IF(_LAY.ME-NOLD) CO TO 90
40 IS-I
43 IF(E.LT.ET(tE).OS.IE.GT-NEI) GO TO 44
IE=IE_I
GO TO 43
44 IF{IE.EQ.I.o_.IE.GT.NEI) GO TO 45
XSI-XST(IE,J|
XS2--XST(IE-I,J)
XS-,XS2#(XSi-XS2)*(E-ET(IE-i))/(IZT(ZE)-ET(IE-1) )
RETURN
4s tt{IZ._Q.i) XS-X_T{IE,J)
IF{IE.GT.NEi| XS XST(IE-I,J)
RETURN
_NTRY hWU{J)
hNU=ZTST(J)**2/ATST(J)
IF(ATST(J).E_.4.) ANU=I.0001
IF{ZTST(J).EQ.O.} ANU=.9999
RETURN
ENTRY _{J)
A=ATST(J)
RETURN
ENTRY z(J)
Z=ZTST(J)
RETURN
80 CONTINUE
90 OPEN(IOO,FIL E''NEWNUC59-DAT',STATUS='OLD'|
REWIND(100)
997 CONTINUE
READ(100w*,END=994) IJTSTrATST,ZTST
C 9999 FORMAT(15/4(SFS.2/)/4(SFS-2/))
C PRINT 9999rIJTST,ATSTeZTST
READ(lOO,*,END=994)NN,AA,ZZf DD
READ(IOO,*,END'994) ET,XST,TST
990 FORMAT(15/SF|O.3/SFIO.I/SE|2.3/7FlO.I/870(TEI3"3/))
PRINT*,' TS FOR ',NN,' ELEMENTS OF CHARGE ',(ZZ(I),I'|,NN)
IF(IJ.NE.IJTST) CO TO 997
IF(NN.NE.NAT) GO TO 997
DO 995 JJN=I,NN
IF(AA(JJN).NE.ATRG(JJN)) GO TO 997
IF(ZZ(JJN).NE.ZTRG(JJN)) GO TO 997
IF(DD(JJN).NE.DENSTRG(JJN)) GO TO 997
995 CONTINUE
C
PRINT *,' MATERIAL FOR TS ',NLAY," FOUND ON NUCLEAR FILE '
-,' THERE ARE ',HAT,' ELEMENTS OF CHARGES ,,(ZTRG(1),I-I,NAT)
GO TO 996
994 CONTINUE
PRINT _,' _ATERIAL FOR TS ',NLAY,' NOT FOUND ON NUCLEAR FILE
STOP
996 CONTINUE
CLOSE(100,STATUS_'KEEP')
_OLD-_LAY
GO TO {30,40)_
_ND
C
C SUBROUTINE GEEEN(X,E,G0,G|,_,G2,GM,E0,EIL,EIU,EML,EMU)
C pARAMETEfl (_E-7, IJ_59,NUHI=NE*IJ'NUH2_NUflI_IJ'IJH=IJ*IJ)
C
C
C
C
C
DIMEHSIO_
DIMENSION
DIHE_SION
EO(Ij),GO(Ij,Ij),GI(IJ,IJ),G2(IJ,IJ),GM(IJ,IJ)
EIL(Ij,Ij},EIU(Ij,IJ),EML{IJ,IJ),EMU(IJ,IJ)
B(IJ,IJ}
CALL GNFR(X,G0,GI,B,G2,GM)
I_(E.LT.I._-IO) E=I.E-10
DO 1 H_I,IJ
I_{Z(M).GT.O-) THEN
_0(M)_X+_MATiE,A(M),Z(M))
EO(H)-EMAT(EO(M),A(M),Z(M))
ELSE
EO(M)-_
END IF
DO 1 J-l,M
IF(Z(J).GT.O-} THEN
EIL(j,M)_ANU{j)*{RMAT{E,A{J),Z(J))4X}/ANU(M)
EIU{J,M}=X+ANU(J)*RMAT(E,A(J),Z(J))/ANU(M)
ELSE
EIL(J,M) _E
EIU(J,M) _E
END IF
IF(Z(M).GT.O-) TIIEN
EML(J,M)-EMAT(EIL(J,M),A(M),Z(H))
EMU{j,M)-EMAT(EIU(J,M),A(M),Z{M))
ELSE
EML{J,M) _E
EMU(J,M) _E
END IF
IF(EML(J,M).GT.EMU{J,M)) THEN
AAAAB_EML(J,M)
EML(J,M}_EMU{J, M)
EMU(J,M)_AAAA B
END IF
EIL(J,M)_EML(J, M)
EIU(J,M)_EMU{J, H)
SJ=SHAT(E,A(J),Z(J)}/A(J)
IF (Z(J)-EQ'O') SJ_I"
GO{J,M)-GO(J,M)/SJ
GI(J,M)-G|(J,M)/SJ
B(j,M)-B(J,M)/SJ
G2(J,.)=G2(a,M)!SJ
GM(J,M)-GM(J,M)/SJ
1 CONTINUE
RETURN
END
C
C ****************************************
C SUBROUTINE GNFR(XA,G0,G|,B,G2,GG)
C
PARAMETER(IJ_59,IJ M=IJ*IJ)
CC
C
C
C
C
C
C
C
C
C
C
C
_IHBH_XOH _0{iJ_iJ}_GlftJ,tj},G2(tJ,zJ},cc(zo,zo)
DIMENSION g(iJ_IJ}
X=XA
ZF(XA.LT.I._-_) X=I._-5
CALL GPE_T(G0,GI,G2,X}
CALL G_F(X,GG)
DO I I-l,IJ
DO I o'l,I3
GG(I,J)-GG(I,J)-GI(I,J)-G2{I,J)
B(I,J}=0.
IF(I.LT.J} THEN
B(I,J)_ANU_I)*ANU(J}*TS(2000.,I,J)*{G0(J,J)-G0(I,I))
I/((ANU(J)-ANU(I))*ABS(ANU(J)-ANU(I})*X)
END IF
IF (GG(I,J)._E.O.)C_(I,J)_O.
IF(I.E,.J) THEN
GG(I,J)_O.
GO TO 1
END IF
DNI=X*(ANU(J)/ANU(I}-I • )
DN2=X*(ANU(J)/ANU(I)-I-)
GI(I,J)-GI(I,J)/ABS{DNI)
G2{I,J)_G2(I,J)/ABS(DN2)
GG(I,J}-GG(I,J)/ABS(DN2)
IF(XA.EQ.O.) T.EN
G2(I,J)-O.
GG(I,J)_O.
END IF
I CONTINUE
RETURN
END
SUBROUTINE GNF(X,G)
pARA_4ETER(IJ=59,IL=I2,IK_IL*IJ*IJ}
COHHON/TARGET/NLAY,XLAY,DN,NAT,ATRG(5),ZTRG(5),DENSTRG{5)
DIMENSION G(IJ,IJ),CT{IL, IJ,IJ],GO(IJ,IJ),GI(IJ,IJ),G2(IJ,IJ)
1 ,XT{IL)
DATA XT/0.,I.,2.,4.,6.,0.,14.,20.,34.,48.,62",96"/
DATA NOLD, IPT,GT/O,-I,IK*O./
E0=2000.
IF (NLA¥.NE.NOLD} CO TO I00
CONTINUE
NTAB=IJ**2
CALL IUNI(IL,IL,XT,NTAB,GT,2,X,G,IPT,IER)
IF(IER.NE.0.AND.IER.NE.-4) THEN
PRINT *,' IUNI IN NODULE GNF FAILED WITH
STOP
END IF
ERROR"',IER
DO I l_l,IJ
DO 1 J=l,IJ
IF{I.EQ.J}G(I,J}_TEXP[G(I,J))
IF(I.LT.J.AND.TS(EO,I,J)'GT'O'}C{I'J) _X*TEXP{G{I'J))
CC
C
C
C
C
C
C
C
C
C
C
I co_t_O_
too CONTINU_
O0 Iol I=i,iJ
DO i01 J=l,IJ
CT(I,I,J)_0.
IF(I.EQ.J) GT(1,I,J) _1"
101 CONTINUE
NOLO=_LAY
CALL GPERT(G0,G1,G2,XT(2)/2.)
DO IIII I-i,IJ
DO llll J-l,IJ
G0(I,J)_G0(I,J)*GI(I,J)_G2(I,J)
IIII CONTINUE
C
C
C
C
C
C
C
C
C
DO 102 I_l,IJ
DO 102 J'trlJ
GT(2,I,J)_0-
DO 102 _-l,iJ
GT(2,I,j)-GT(2,I,J)_G0(I,K)*G0(K,J)
102 CONTINUE
C
DO 103 I-l,IJ
DO 103 J_l,IJ
GT(3,I,J)-O-
DO 103 K-I,IJ
GT(3,I,J)_GT(3,I,J)*GT(2,I,K)*GT(2,K,J)
103 CONTINUE
PO 104 l_l,IJ
PO 104 j_l,IJ
GT(4,I,J)=0.
DO 104 K=I,IJ
GT(4,I,J).GT(4,I,J)*GT(3,I,K)*GT(3,K,J)
1o4 CONTINUE
DO 105 l=l,IJ
DO 105 J=l,IJ
GT(5,I,J)_0.
DO 105 K=I,IJ
GTt5,I,J)+GTt5,I,J)+GT{3,I,K) *CTi4'K'J)
105 CONTINUE
DO 106 l=l,IJ
DO 106 J=l,IJ
GT(6,I,J)_0.
PO 106 K-I,IJ
GT(6,I,J)_GT(6,I,J)_GT(5,I,K) *GT(3'R'J)
106 CONTINUE
f_F WO_ C:J.s/_.LiTV
CC
C
C
C
C
C
C
C
C
C
C
C
C
C
C
Do 1o7 t_l,tJ
bo Io_ J-leIJ
GT(7FIwJ)-O.
DO 107 k-l,IJ
GT(7,I,j).GT(7,I,J)AGT(5,I,K)*GT(6,K,J)
107 CONTINUE
DO 108 l_l,IJ
DO 108 J_IrIJ
GT(O,I,J)=O.
DO 109 K-I,IJ
GT(8,I,J)=GT(8,I,J)_GT(5,I,K}*GT(7,K,J)
108 CONTINUE
DO 109 I_l,IJ
DO 109 J_IflJ
GT(9,I,J)-0.
PO 109 _=l,IJ
GTI9,I,JI_GTI9,I,J)*GT(7,I,K)*GTIS,K,J)
109 CONTINUE
DO II0 l-l,IJ
DO II0 J-l,IJ
GT(IO,I,J)=O-
Do 110 K-I,IJ
GT(IO,I,j)-GT(|O,I,J)iGT{7,I,K)*GT(9,K,J)
II0 CONTINUE
DO 11| l-l,IJ
DO III J-l,IJ
GT(II,I,J)_0.
po III K-I,IJ
GTIlI,I,JI.GT(II,I,JI+GTIT,I,KI*GTIlO,K,J)
Ill CONTINUE
Do 112 I=l,IJ
DO 112 J=l,IJ
GT(12,I,J)-O.
C
C
C
DO 112 K-l,IJ
GT(12,I,JI_GTll2,I,JI*GTlg,I,K) *GTIlI,K'J)
112 CONTINUE
DO 200 IX-l,tL
DO 200 l_l,IJ
DO 200 J-l,IJ
IF(I.GT.J) GO TO 200
IF[I.LT.J) GO TO 201
GT(IX,IsJ)-ALOG(GT(IX,I,J))
GO TO 200
201 CONTINUE
IF{TS(E0,I,J).LE.0.)GO TO 200
IF(IX.EQ.I) GT(IX,I,J) =ALOG(TS(RO'I'J))
OF POOR QUALITY
200
C
C
C
C
C
C
C
C
C
C
C
C
C
C
I_(IX.GT.|} GT(IX,I,J)-ALOG(GT(IX,I,J)/XT(IX))
CONTINUE
GO TO 2
END
SUBROUTINE GPERT(GGO,CG|,GG2,X)
C
C
C
C
C
C
C
C
C
C
C
C
PARAHETER(IJ-59)
DIHENSION GGO(IJ,Ij},GGI(IJ,IJ},GG2(IJ,IJ)
E0_2000.
DO 1 I-l,IJ
DO 1 J_l,IJ
GG0(I,J)_0.
IF(I.EQ.J) GGO(l,J) _TEXP(-(XS(E0'I)-TS{E0'J'J}}*X|
CONTINUE
DO 2 I'l,IJ
DO 2 J"l,IJ
GGI(I,J}_0.
IF(I.NE.J) GGI(I,J) _TS(E0'I'J)*BUILD(XS(E0'J)-TS(E0'J'J)'
_XS(EO,I}-TS(EO,I,I),X)
2 CONTINUE
DO 3 I'l,IJ
DO 3 J-l,IJ
GG2(I,J)-0.
IF(I.GE.J} GO TO 3
DO 3 K-I+I,J-I
GG2(I,J}.GG2(I,J},TS(E0,I,K}*TS(E0,K,J}*G2(XS(E0,J)-TS{R0'J'J)'
_XS(EO,K)_TS(EO,K,E),XS(EO,I)-TS(EO,I,I),X)
3 CONTINUE
RETURN
END
FUNCTION _UILD(A,_,X)
IF(ABS(A-B).LT.0OOI*A)GO TO 1
BUILD_(TEXP(-A*X)-TEXP(-B*X})/(B-A)
RETURN
I CONTINUE
BUILD_X,TEXP(-(A$8)*X/2.}
RETURN
END
FUNCTION RHAT(E,A,Z|
FUNCTION RHAT GENERATES THE RANGE, ENERGY,
ARBITRARY IONS IN TARGET. E IS ION ENERGY
AND LET ARRAYS FOR
IN HEV/AHU
EXTERNAL ATOE
C
C
C
C
C
C
C
DI_gHglOH Io_(2},IPI{2),RoFZ(I_)
DIM_SIO_ gT(60),RT{60,IS),ST{60,IS),ZT(IS),AHS(I5),_{IS)
DZM_HSIO_ _(S),ZZ(Si,DD(S),EN(60)
DIHENSION IENDSW(B) ,ENDXI(15)'ENDXN(Is)'END¥1(60)'EHD¥N(60)'
_ENDXY(4),vAL(_,I),WK(2790)
W_ SIZE =_*NX*N¥_2*N¥_HX_*60*15+2*15+60=2790
COHMON/TARGET/NLAY,XLAY,DN,NAT,ATRG(5), ZTRG(5)'DENSTRG(5}
COHHON/CONST/ENDXl
DATA IW/0/
DATA IENDSWIO,I,I,I,I,I,I,I/
DATA 1OR/2,2/
DATA ipt,lP3/-l,-l,-l/
DATA EN/.01,'02f "03''04''05,'06''07''09r'09w'l''2,'31"4w'S'
_.6,.TI.Sf.9,1.,2.,3.,4.,5.,6.,7.,B.,9., 10"f20"r30''40''S0''
_60.,70.#80.#90.e100.,150.f200.r300.,400",500''600''700"f
_900.,900.fI000.11500.,2000.,2500-,3000''4000 ,5000.,5000-,
_7000.rBS00.,lO000.t20000.w35000"150000"l
DATA ZT/I.,2"I 3"S'_''7"'I0.'14"'22"'30''40''S0''
_60.,70.,B0.,92./
DATA NOLD,NP/0,60/
RANGE INTERPOLATION/EXTRAPOLATION OF RT(ET,ZT)
10
2O
IFiHOLD.HE.HLAY) co TO leo
CONTINUE
RMAT=O.
IF(E.LE.O.} RETURN
IF(E.GT..O1}GO TO 20
EL'ALOC(00  T,|S,ZT, 0,RT IO ,IpZ,EL,Z,  AT,IE )CALL IBI(60
IF(IER.NE.O.AND-IE_.NE'-3) THEN
PRINT t,' IBI IN MODULE _MAT FAILED WITH ERROR_', IER
STOP
END IF
CALL IUNI(I5,I5,ZT,I,ENDXI,IOR,Z,_VAL,IP3,IER)
IF(IER.NE.0.AND-IER.NE'-4) TtlEN
PRINT *,' IUNI IN MODULE RMAT FAILED WITH E_ROR" ,IER
STOP
END IF
RHAT=A*TEXP{RMAT_ Z-Z)RMAT_RHAT,{E/.O| (1.-_VAL)
RETURN
CONTINUE
IF(E.LT.50000.) GO TO 30
ELP_ALOG(35000.)
EL-ALOG{50000.)
CALL IBI{60,ET,|5,ZT,60,RT,IOR,IPI,ELP,Z,RMATP'IER)
IF[IER.NE.O.AND.IER.NE'-3| THEN
PRINT *,' IBI IN HODULE RHAT FAILED WITH ERROR_°, IER
STOP
END IF
cALL IBI{_O,ET,15,ZT,60,RT,IOE,IPI,EL,Z,RHAT'IER|
IF{IER.NE.O.AND.IEfl.NE'-3} THEN
PRINT *,' IBI IN HODULE RHAT FAILED WITH ERROR_', IER
STOP
END IF
RHATP_A.TEXP(RNATP)/(Z*Z)
RHAT=A*TEXP(RHAT)/(Z*Z) 35000.,RNAT))/ALOG(50000-/35000")
RVAL,ALOG((S0000.*RHATP)/(
RHAT=RHAT*((E/50000-)**(I'-RVAL))
RETURN
30 CONTINUE
C
C
C
C
C
C
C
_L=ALOG[_}
cALL 1BI(_O,_T_iS,zT,_O,_T,tO_,/PI,_L,z,RMAT,IER)
_AT ',' tnl 1" MODULE RMAT FAILED WITH ERROR=', IER
STOP
END It
RHAT_A*T_XP(RHAT)/(Z *z)
RETURN
STOPPING POWER INTERPOLATION/EXTRAPOLATION OF ST{ET,ZT]
ENTRY SMAT
N_2
IF(NOLD.NE.NLAY} GO TO 150
40 CONTINUE
RHATffiO.
IF(E.LE.0.) RETURN
IF(E.GT..01}GO TO 50
EL-ALOG(0.DI}
CALL IBI(60,ET,I5,ZT,60,ST,IOR,IPI,EL,Z,RMAT,IER)
IF(IER.NE.O.AND.IER.NE*-3} THEN
PRINT *t' IBI IN MODULE RMAT FAILED WITH ERROR-',IER
STOP
END IF
CALL IUNI(15,|5,ZT,I,ENDXItlOR,Z,RVAL,IP3,IEE)
IF(IER.NE.O.AND.IER.NE.-4} THEM
PRINT *,' IUNI IN MODULE RHAT FAILED WITH EEROR_', IER
STOP
END IF
RMAT=ZtZ*TEXP(RMAT}
RHAT=RMAT*(E/.Oi}**RVA L
RETURN
50 CONTINUE
IF(E.LT.50000.} GO TO 60
ELP_ALOG{35000-)
EL_ALOG(500U0.)
CALL IBI{60,ETwlSr ZT'60'ST'IOR'IPI'ELP'z'RMATP'IER}
IF(IER.NE.O.AND.IER.NE'-3) THEN
PRINT *,' IBI IN MODULE RMAT FAILED WITH ERROR"',IER
STOP
END IF
CALL IBI(60,ETr|5,ZTw 60"ST'IOR'IPI'EL'Z'RNAT'IER|
IF{IER.NE.O.AND-IER.NE.-3) THEN
PRINT *,' IBI IN MODULE RMAT FAILED WITH ERROR=', IER
STOP
END IF
RHATPfZtZtTEXP(RHhTP)
RHAT-Z*Z*TEXP(RHAT)
RHAT_RMATA(RHATP-RMAT}*(ALOG(E)-EL|/(ELP-EL}
RETURN
60 CONTINUE
EL_ALOG(E}
CALL IBI(60,ET,|5,ZT,60,ST,IOR,IPI,EL,Z,RHAT,IER}
IF(IER.NE.O.AND.IER.NE*-3) THEN
PRINT *,' IBI IN MODULE RHAT FAILED WITH ERROR-',IER
STOP
END IF
RHAT-ZtZtTEXP(RMAT)
RETURN
D(STOPPING POWER}/D(E| CALCULATION, INTERPOLATION/EXTRAPOLATION
OF ST(ET,ZT)
ENTRY DSMAT
N-3
IF(NOLD.NE.NLAY) GO TO 150
C
C
C
C
70 CONTXNUR
RHATtO.
I_( .GT ) GO TO Oo
EL_ALOG(,OI 1CALL SUTPA_ _0wI5,ET,ZT,G0rST,IENDSW,ENDX1,ENDXN,ENDY1,ENDYN,
_ ENDXYF|.,I,EL,ZwIWrVALrWKpIER)
IF(IER.NE.O) TIIEN
PRINT *,' SUTPAR IN HODULE RHAT FAILED WITH ERRORf°,IER
STOP
END IF
CALL 10NI(|5,15,ZT, I,ENDXI,IOR,Z,RVAL, IP3,1ER)
IF(IER.NE.O.AND.IER.NE.-4) THEN
PRINT t,' IUNI IN MODULE RHAT FAILED WITH ERROR=',IER
STOP
END I?
RHATI=VAL(I,I)
RHATI-Z*Z*TEXP(RMAT|)
RMAT2fVAL(2,1)
RMAT_RHATI*RMAT2/.01
RHAT=RHAT*(E/.01]**(RVAL-I-)
RETURN
80 CONTINUE
IF(E.LT.50000.) CO TO 90
EL=ALOG(50000.)
CALL SUTPAR(60,15,ET,ZT,60,ST,IENDSW,ENDX|,ENDXN,ENDY|,ENDYN,
_ ENDXY,I.,I,EL,Z,IW,VAL,WK,IER)
IF(IER.NE.O) THEN
PRINT *,' SUTPAR IN MODULE RHAT FAILED WITH ERROR'',IER
STOP
END IF
RHATI-VAL(I,I)
RHATI_Z*Z*TEXP(RMATI)
RHAT2-VAL(2,1)
RHAT-RMATI*RHAT2/50000.
RHAT-RHAT*50000./E
RETURN
90 CONTINUE
EL_ALOG(E)
CALL SUTPARIGO,15,ET,ZT,GO,ST,IENDSW,ENDX|,ENDXN,ENDYI'ENDYN'
- ENDXY,|.,I,EL,Z,IW,VAL,WK,IER)
IF(IER.NE.0} THEN
PRINT *,' SUTPAR IN MODULE RHAT FAILED WITH ERROR=',IER
STOP
END IF
RHATI=VAL(I,I)
RHATI=Z*Z*TEXP(RMATI)
RHAT2_VAL!2,1}
RMAT=RHAT|*RHAT2/E
RETURN
ENERGY INTERPOLATION/EXTRAPOLATION ET(ZT,RT)
ENTRY EMAT
N--4
IF(NOLD.NE.NLAY| GO TO 150
I00 CONTINUE
RHAT--O.
RL--E
IF(RL.LE.0- ) RETURN
R--ALOG (Z*Z*RL/A)
DO 130 1=1,15
CALL IUNI(60,60,RTII,I),I,ET,IOR,R,ROFZ(I),IP3,IER)
IF(IER.NE.0.AND.IER.NE--4) THEN
PRINT *,' IUNI IN MODULE RHAT FAILED WITH ERROR=',IER
CC
C
C
STOP
_ND Ik
I_0 CONTINUn
chLL 1UHI(15,15,ZT,I,ROFZ,IOR,Z,RMAT,IP3,IER)
IF(IER.NE.0.AND.IER.NE.-4) THEN
PRINT *,' IUNI IN MODULE RHAT FAILED WITH ERROR=',IE R
STOP
END IF
RMAT=TEXP(RMAT}
IF(RHAT.GE.°O|.AHD.RHAT.LE.50000-) RETURN
IF(RMAT.GT.50000.) GO TO 140
DO 135 I=I,15
ROFZ(I)=RT(I,I)
135 CONTINUE
CALL IUNI(15,15,ZT,I,ROFZ,IOR,Z,RMAT,IP3,1ER)
IF(IER.NE.O.AND.IER.NE.-4) THEN
PRINT *,° IUNI IN MODULE RMAT FAILED WITH ERROE=°,I ER
STOP
END IF
CALL IUNI(15,15,gT, I,ENDXI,IOR,Z,RVAL, IP3,IER)
IF(IER.NE.0.AND.IER.NE.-4) THEN
PRINT *,' IUNI IN HODULE RMAT FAILED WITH ERROR=',I ER
STOP
END IF
RMAT=A*TEXP(RMAT)/(Z*Z)
RMAT=0.OI,(RL/RHAT)**(I./(i--RVAL))
RETURN
140 CONTINUE
C
ELP=ALOG(35000.]
EL=ALOG(50000.)
CALL IBI(60,ET,15,ZT,60,RT,IOR,IP|,ELP,Z,RHATP,IER)
IF(IER.NE.0.AND.IER.NE.-3) THEN
PRINT *,' IBI IN MODULE EMAT FAILED WITH ERROR=',IER
STOP
END IF
CALL IBI(60,ET,15,ZT,60,RT,IOR,IPI,EL,Z,RHAT,IER)
IF(IER.NE.0.AND.IER.NE.-]) THEN
PRINT *,' IBI IN MODULE EMAT FAILED WITH ERROR=',IER
STOP
END IF
RMATP=A*TEXP(RMATP)/(Z*Z)
RMAT=A*TEXP(RHAT)/(Z*Z)
RVAL_ALOG((50000.*RHATP)/(35000._RHAT))/ALOG(50000./35000")
RHAT=50000.*(RL/RMAT)**(|./(|.-RVAL))
RETURN
150 CONTINUE
OPEN(IOI,FILE='ATOMIC.DAT',STATUS='OLD')
REWIND (I01)
190 READ (1OI,160,END=i70) DDNN'NN'AA'ZZ'DD'RT'ST'ET
PRINT 160,DDNN,NN,AA,ZZ,DD
PRINT _ ' RMAT FOUND ',NN,' ELEMENTS OF CHARGE ',(ZZ(I),I=|,NN)
W
160 FoRMAT(FIO.3,15/SFIO.]/SFIO.I/SEI2.3/180(SEI3"4/}/ISO(5E13"4/)/
-;8{5E13.4/}}
IF(DDNN.NE.DN)GO TO 190
IF(NN.NE.NAT) GO TO 190
DO 190 I-IwNN
IF(I.GT.NAT) GO TO ]90
IF(AA(1).NE.ATRG(I)) GO TO 190
IF(ZZ(1).NE.ZTRG(I)) GO TO 190
IF(DD(I).NE.DENSTRG(I)) GO TO 190
CC
C
C
C
C
C
C
C
C
180 CONTINUE
_RI_T _' H_T_IAL FOR _MAT ',_LAY,' _OUND ON ATOMIC FILE '
It' THE_E ARE ',NAT,' ELEMENTS OF CHARGES ',(ZTRG(I),I=I, NAT)
GO TO 200
170 CONTINUE
PRINT *t' ALL ATOMIC DATA FAILED RMAT TEST '
CALL MGAUSS(|.E-6,EN(1),6,ANS,ATOE,F,15)
DO 210 I_1,15
WZT(1)
W_2o*V
RT(I,I)_AN8(I)
DO 210 J=I,NP
ST(J,I)_SIONA(EN(J),W,V)
210 CONTINUE
DO 220 I_2,NP
CALL MGAUSS(EN(I-I),EN(I),6,ANS,ATOE,F,15)
DO 220 J_l,15
RT(I,J)=RT(I-|,J)+ANS(J)
220 CONTINUE
DO 240 I=I,NP
ET(1)=ALOG(EN(1))
DO 240 J_l,15
V=ZT(J)
W-2.*V
RT(I,J)-ALOG(V*V*RT(I,J)/W)
ST(I,J}-ALOG(ST(I,J}/(V*V)}
240 CONTINUE
OPEN(103,FILE-'NEWRMAT.DAT',STATUS='NEW'}
WRITE(IO3,160}DN,NAT,ATRG,ZTRG,DENSTRG,RT,ST,ET
PRINT *,' MATERIAL FOR RMAT ',NLAY,' PLACED ON NEWRMAT FILE'
l,' TIIERE ARE ',NAT,' ELEMENTS OF CHARGES ",(ZTRG(I),I-I,NAT)
CLOSE(103,STATUS-'KEEP')
200 CONTINUE
CLOSE(IO|,STATUS-'KEEP')
NOLD=NLAY
DO _50 I_1,15
DSI_(ST(2,1)-ST(I,I))/(ET(2}-ET(1))
DS2_(ST(3,1)-ST(2,1))/(ET(3)-ET(2))
ENDXI(I)=DSI+(DS2-DSI)*(ET(I}-ET(2)}/(ET(3)-ET(I))
250 CONTINUE
PRINT 260
260 FORMAT(' _MAT IS INITIALIZED')
GO TO (I0,40,70,I00),N
END
C
********4****************FUNCT**N RTIS(E,A,Z)***********************
C
C
C
C
C
FUNCTION RTIS(E,A,z)
FUNCTION RTIS GENERATES THE RANGE, ENERGY, AND LET ARRAYS FOR
ARBITRARY IONS IN TARGET. E IS ION ENERGY IN MEV/AMU
EXTERNAL ATOE
DIMENSION IOR(2i',IPI(2),ROFZ(15)
C
C
C
C
C
C
C
DIHEHSIOH kT(§O)_RT(GO,|5) _ST(6?tlS)'zT(15)'ANS(15)'F(15)
DXHBHSXOH A_I_(5),ZZ(5),DD(5),RN(60)
DIHEHSIOH XENDSW(8),ENDXl(15),EHDXH(i5),ENDYI(60),ENDYN{60)'
_ENDXY(4),VAL(E_l),WK(2790)
WK SIZE -3*HX*N¥T2*N¥+_X=3*60*15_2*lS+60=2790
COHNON/TARGET/NLA¥,XLA¥,DN,NAT,ATRG(S),ZTRG(5)'DENSTRG(5)
coNNON/CONST/ENDXI
DATA IW/0/
DATA IENDSW/O,|,I,I,I,I,I,I/
DATA IOR/2,2/
DATA Ip|,IP3/-I,-I,-I/
DATA EN/.Ol,.02w 03,.04,.05,.06,.07,.08,.09,.I,.2,-3,'4,'5'
, . ,200., ,400., , oo.,7oo.,
_800.,900.,1000.,1500.,2000.,2500.,3000",4000''5000''6000''
_7000.,8500.w10000.,20000.,35000''50000"/DATA ZT/I.,2 ,3.5,5.,7.,10.,14.,22.,30.,40",50''
-60.,70.,80-,92-/
DATA NOLD,NP/O,60/
RANGE INTERPOLATION/EXTRAPOLATION OF RT{ET,ZT)
N--I
IF(NOLD.EQ.0) GO TO 150
I0 CONTINUE
RTI S--0 •
IF ELE IRETUR.IF(E.GT. }GO TO 20
EL--ALOG (O. 01 )
CALL IBI(60,ET, 15,ZT,GO,RT,IOR,IPI,EL,Z,RTIS,IER)
IF(IER.NE.O.AMD-IER-NE'-3) THEN
PRINT *,' IBI IN MODULE RTIS FAILED WITH ERROR'=',IER
STOP
END I F
CALL IUNI(|5,15,ZT*I,ENDXI'IOR'Z'RVAL'IP3'IER)
IF(IER-ME-O'AND'IER'NE*-4} THEN
PRINT *,' IUNI IN NODULE RTIS FAILED WITH ERROR=', IER
STOP
END IF
RTIS--A*TEXP(RTIS)/( Z*Z )
RTIS--RTIS* (E/-01)** (I.-RVAL)
RETURN
20 CONTINUE
IF(E.LT.50000.) GO TO 30
ELP--ALOG (35000. )
EL--ALOG (50000. )
CALL IBI(60,ET,15,ZT,60,RT'IOR'IPI'ELP'Z'RTISP'IER)
IF( IER.NE. O. AND. IER.NE'-3 } THEN
PRINT *,' IBI IN NODULE RTIS FAILED WITH ERROR _',IER
STOP
END IF
CALL IBI(60,ET,15,ZT,60,RT,IOR'IPI'EL'Z'RTIS'IER)
IF( IER.NE. O.AND. IER. NE--3 ) THEN
PRINT *,' IBI IN NODULE RTIS FAILED WITH ERROR "',IER
STOP
END IF
RTISP=A,T_XP(RTISP)/(Z*Z)
RTIS_A*TEXP(RTIS}/{ Z*Z }
RVAL_ALOG((50000.*RTISP)/(35000"*RTIS))/ALOG(50000"/35000")
RTIS=RTIS*((E/50000-)**(I'-RVAL))
RETURN
30 CONTINUE
EL_ALO_(E)
C
C
C
C
C
C
C
CALL iBI{60,ETwI5,ZT,60,RT,IOR,IPI,EL,Z,RTIS,IER)
It I_.HE.0.AND,IER.NE.-3) THEN
PR_T *,' IBI IH HODULE RTIS FAILED WITH ERROR-',IER
STOP
END IF
RTIS=A_TEXP(RTIS)/(Z *Z)
RETURN
STOPPING POWER INTERPOLATION/EXTRAPOLATION OF ST(ET,ZT}
EHT_¥ STIS
N=2
IF{_OLD.EQ.O) GO TO 150
4O CONTINUE
RTIS=O.
IF(E.LE.0.) RETURN
IF(E.GT._OAI_O TO 50EL_ALOG( •
CALL IBI(60,ET,|5,ZT,60,ST,IOR,IP|,_L,Z,RTIS,IER)
IF(IER.NE.0.AND.IERoNE.-3} THEN
PRINT *,' IBI IN MODULE RTIS FAILED WITH ERROH=',IER
STOP
END IF
CALL IUNI(ISwIS,ZT,|, ENDXI'IOR'Z'RVAL'IP3'IER)
IF(IER.NE.0.AND.IER.NE.-4) THEN
PRINT *,' IUNI IN MODULE RTIS FAILED WITH ERROR=',I ER
STOP
END IF
RTIS=Z*Z*TEXP(RTIS)
RTIS=RTIS*(E/.OI)**RVAL
RETURN
50 CONTINUE
IF(E.LT.50000.} GO TO 60
ELP=ALOG(35000-}
EL=ALOG(50000-}
CALL IBI{60,ET,|5,ZT,60,ST,IOR,IP|,ELP,Z,RTISP,IER}
IF(IER.NE.O.AND.IER.NE.-3) THEN
PRINT *,' IBI IN MODULE RTIS FAILED WITH ERROH=',I ER
STOP
END IF
CALL IBI(60,ETw|5,ZT, 60,ST'IORPIP|rEL'Z'RTIS'IER)
IF(IER.NE.0.AND.IER.NE.-3) THEN
PRINT *,' IBI IN MODULE RTIS FAILED WITH ERROR=',IER
STOP
END IF
RTISP_Z*Z*TERP{RTISP)
RTIS=Z*Z*TERP_RTIS)
RTIS=RTIS+(RTISP-RTIS)*(ALOG(E)-EL}/(ELP-EL)
RETURN
60 CONTINUE
EL_ALOG{E}
CALL IBI(60,ET,|5,ZT,60,ST,IOR,IPI,EL,Z,RTIS,IER)
IF(IER.NE.O.AND. IER.NE--3) THEN
PRINT *,' IBI IN MODULE RTIS FAILED WITH ERROR=',I ER
STOP
END IF
RTIS_Z*Z*TEXP(RTIS)
RETURN
D(STOPPING POWER}/D(E} CALCULATION, INTERPOLATION/EXTRAPOLATION
OF ST(ET,ZT)
ENTRY DSTIS
N=3
IF(NOLD.EQ.O) GO TO 150
70 CONTINUE
C
C
C
C
RTIS=O.
I_fe.GT,.01_ CO TO ,o
EL _'ALOC(.01)
CALL SUTPAR(6OwI5tET,ZTr6OtST,IENDSWwENDXI'ENDXNwENDYItENDYNw
_ ENDXYt|.,1,EL,Z,IWtVALrWKflER)
I_(IE_.H_.o) THEN
PRINT **' SUTPAR IN MODULE nTIS FAILED WITll ERROR_',IER
STOP
END 1F
CALL IUNI(|5,|5,ZTrI,ENDXI'IOR'Z'RVAL'IP3'IER)
IF(IER.NE.O.AND.IER.NE--4) THEN
PRINT t,' IUNI IN NODULE RTIS FAILED WITH ERROR=°,IER
STOP
END IF
RTIS|-VAL(I,|)
RTISI=Z*Z*TEXP(RTISI}
RTIS2=VALI2,1)
RTIS=RTISISRTIS2/.O|
RTIS=RTISS(E/.01)*s(RVAL-|.)
RETURN
80 CONTINUE
IF(E.LT.50000.} GO TO 90
EL_ALOG(50000.)
CALL SUTPAR(60#IS,ET,ZT,G0,ST, IENDSW,ENDXI,ENDXN,ENDY|,ENDYN'
- ENDRY,I.,I,EL,Z,IW,VAL,WK,IER)
IF(IER.NE.0) THEN
PRINT *,' SUTPAR IN MODULE RTIS FAILED WITH ERRORffi',IER
STOP
END IF
RTISI=VAL(I,1)
RTISI-Z*Z*TEXP(RTISI)
RTIS2=VAL(2,I)
RTIS_RTISI*RTIS2/50000-
RTIS_RTIS*50000./E
RETURN
90 CONTINUE
EL=ALOG(E)
CALL SUTPAR(60,15,ET,ZT,60,ST,IENDSW,ENDXI,ENDXN,ENDY|,ENDYN,
_ ENDXY,|.,|,EL,Z,IW,VAL,WK,IER)
IF(IER.HE.O) THEN
PRINT *,' SUTPAR IN HODULE RTIS FAILED WITH ERROR-',IER
STOP
END IF
RTISI-VAL(|,I)
RTISI_Z*Z*TEXP(RTISI)
RTIS2=VAL(2,1)
RTIS=RTISI*RTIS2/E
RETURN
ENERGY INTERPOLATION/EXTRAPOLATION ET(ZT,RT)
ENTRY ETIS
N--4
IF(NOLD.EQ.O) GO TO 150
100 CONTINUE
RTI S--O •
RL_E
IF{RL.LE.0. ) RETURN
R--ALOG (Z * Z *RL/A )
DO 130 I-1,15
CALL IUNI(GOrGO,RT(IwlI,__ET,IOR'R'ROFZ(I)'IP3'IER)IF( IER.NE. O. AND. IER. NE. THEN
PRINT *r' IUNI IN MODULE RTIS FAILED WITH EEHOE_',IER
STOP
CC
C
C
_HD It
lJ0 CON_IHU8
cALL IUHI(I_,i5,ZT, i,ROFZ,IOR,Z,RTIS,IP3,1ER}
IF(IER.NE.0.AND.IER.NE.-4) THEN
PRINT ke' IUNI IN MODULE RTIS FAILED WITH ERROR=', IER
STOP
_ND I_
RTIS_TEXP{RTIS|
IF{RTIS.GE..OI.AND.RTIS.LE.50000-| RETURN
IF{RTIS.GT.50000.} GO TO 140
DO I]5 I_I,15
ROFZ{I}_RT(I,II
135 CONTINUE
CALL IUNI{|5,IS,ZTr |,ROFZflORwZ'RTIS'IP3'IER|
IF(IER.NE.O.AND.IER.NE.-4) THEN
PRINT _,' IUNI IN MODULE RTIS FAILED WITH ERROR=', IER
STOP
END IF
CALL IUNI{|5,|5,ZT, I,EHDXI,IOR,Z,RVAL, IP3,IER}
IF{IER.NE.O.AND.IER.NE.-4) THEN
PRIHT _,' IUNI IN MODULE RTIS FAILED WITH ERROR=', IER
STOP
END IF
RTIS-AtTEXP{RTIS}/(Z*Z)
_TIS=O.01,{RL/RTIS}**(I./{I.-RVAL))
RETURN
14o CONTINUE
C
C
ELP_ALOG(35000.}
EL-ALOGt50000.}
CALL IBI(60,ETr|SwZT'60'RT'IOR'IPI'ELP'Z'RTISP'IER}
IF(IER.HE.O.AND.IER.NE.-3) THEN
PRINT *w' IBI IN HODULE ETIS FAILED WITH ERROR=', IER
STOP
END IF
CALL IBI{60,ETwlS,ZT,60,RT,IOR,IPI,EL,Z,RTIS,IER)
IF{IER.HE.O.AND.IER.NE--3) THEN
PRINT *,' IBI IN MODULE ETIS FAILED WITH ERROR'',IER
STOP
END IF
RTISP_A*TEXP{RTISP)/[Z*Z)
RTIS_A,TEXP(RTIS)/(Z *Z )
RVAL_ALOG{{5OOOO.*RTISP)/(3SO00"*RTIS))/ALOG(50000"/3SO00")
RTIS_SOOOO.*{RL/RTIS)**(I-/{I.-RVAL})
RETURN
150 CONTINUE
OPEN{IOI,FILE-'ATOMIC.DAT', STATUS='OLD'|
REWIND {101}
190 READ (IOI,160,END=ITO) DDNN'NN'AA'ZZ'DD'RT'ST'ET
PRINT 160,DDNN,NN,AA,ZZ,DD
PRINT *,' RTIS FOUND ',NN,' ELEMENTS OF CHARGE ",{ZZ{I),I'I,NH)
160 FORHAT{FIO.3, 1515FIO'315FIO'I/SEI2.3/IBO{SEI3.4/}/180{SEI3.4/}/
-18{5E13.4/})
IF{DDNN.NE.DN}GO TO 190
IF(NN.HE.NAT) GO TO 190
190
DO 180 I=I,NN
IF{I.GT.HAT) GO TO 190
IF{AA(I).NE.ATRG{Ii) GO TO 190
IF{ZZiIi.NE.ZTRG{I)) GO TO 190
IF{DD{I|.NE.DENSTRG(I}} GO TO
CONTINUE
190
CC
C
C
C
b_tNT ,_, MAT**tAb _o_ _Tt_ +_SL^Y,' _OVND ON ATOHIC _ILE 'j_ THERE ARE ',NAT, ELEHENT_ OP CRkRCES ,,(ZTRG(1),I-I,NAT)
GO TO 200
170 CONTINUE
PRINT *w' ALL ATOHIC DATA FAILED _TIS TEST
ChLL HGAUSS(I.E-6,EN(1),6,ANS,ATOE,F,15)
210
DO 210 I-i,15
V=ZT(1)
W=2.*V
RT(|,I)=ANS(I)
DO 210 J=I,_P
ST(J,II-SIONA(_N(J},W,V)
CONTINUE
DO 220 1-2,NP
CALL HGAUSS(RN(I-I),,N(I),6,ANS,ATOR,F,15)
DO 220 J-l,15
RT(IrJ)_RT(I-I,J)+ANS(J)
220 CONTINUE
C
Do 240 I-l,Nr
RT(II=ALOG(EN(I))
C
DO 240 J-l,15
v-ZT(J)
W-2.*V
RT(I,J)-ALOG(V*V*RT(I,J)/W)
ST(IrJ)-ALOG(ST(I,J}/(V*V))
240 CONTINUE
C
OPEN(|03wFILE-'NEWRTIS.DAT'rSTATUS ='NEW' )
WRITE(IO3,160)DN,NATrATRGtZTRGtDENSTRG,RTwSTwET
PRINT *r' NATERIAL FOR NTIS ',NLAYw' PLACED ON NEWRTIS FILE'
|w' TIIERE ARE ',NAT,' ELEHENTS OF CHARGES ',(ZTRG(I),I'|wNhT)
CLOSE(iO3,STATUS='KERP ' )
200 CONTINUE
CLOSR(IOI,STATUS='KEEP ' )
C
C
C
C
C***
C
C
C
C
C
NOLD_NLAY
250
DO 250 I-1,15
DSI_(ST(2,1)-ST(I,I))/(ET(2)-ET(1))
DS2=(ST(3,I}-ST(2,I))/(ET(3)-ET(2))
ENDXI(1)=DsI+(DS2-DSI)*(ET(1)-ET(2))/(ET(3)-ET(1))
CONTINUE
PRINT 260
260 FORHAT(' NTIS IS INITIALIZED')
GO TO (I0,40,70,I00),N
END
*************************** ATOE(E,F)***************************
SUBROUTINE ATOE (E,P)
SUBROUTINE ATOE IS THE INTEGRAND OF RANGE FORHULA
DINENSION ZT(15),F(15)
DkTA ZT/1.,2.+3.5,5.,7.,10.,14.,22.,30-,40.,50",
-60.,70.,80.,92./
C
I0
DO iO Iii_i_
_{I)-W/SloNA{_,W,v)
CONTINUE
RETURN
END
C
C************_**_****FUNCTION
C
FUNCTIO_ SIONAI_,A,Z)
C
C E 19 IN U_ITS OF MEV/AMU
C
IFIZ.EQ.I.) THE_
CALL ATOPPIE,9)
SIONA=S
CALL ATOPN(E,SN,A,Z)
SIOHA-SIONA_SH
RETURN
ELSE
C
C
C
C
C
C
C****
C
C
C
C
C
C
C
C
CALL ATOPA(E,S,Z)
SIONA-S*(ZEFF(E,A,Z)/ZEFFIE,4-,2-))**2
CALL ATOPN(E,SN,A,Z)
SIONA_SIONAASN
RETURN
END IF
END
_*******_*******tFUNCTION ZEFF(E,A,Z} **********ttttttttttt*****
FUNCTION ZEFFIE,A,Z)
FUNCTION ZEFF CALCULATES ION EFFECTIVE CHARGE
IF(E.LT.I.E-IO) E=I.E-IO
ARG=I./_(I.+E/939.3)**2)
IF(ARG.EQ.I.) TIIEN
ZEFF=Z,{I-TEXP(-$.77*SQRT(E)/Z**(2./3.)))
ELSE
BETA_SQRT(I.-ARG)
ZEFF,Z,(1-TEXP(-125._BETA/Z**(2-/3.)))
END IF
RETURN
END
SUBROUTINE ATOPP(T,9)
SUBROUTINE ATOPP CALCULATES PROTON STOPPING POWER
DIMENSION AtI2,5),STP{S)
COMMON/TARGET/NLAY,XLAY,DN,NAT,ATRG(S),ZTRG(5),DENSTRG(5|
DATA NOLD/0/
IFI_OLD.HE.NLA¥) GO TO iO0
CONVERT T IN MEV TO E IN KEV
10 E-IOOO.*T
C
C ENERGY O<E<-,IO KEV
CC
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
t t { _, Ltt. 1o. ) fHP.N
DO 50 Ill,NAT
STP(1)-A(I,I)*SQRT(E}
50 CONTINUE
ENERGY |O<E<IO00 KEv
ELSE IF(_.LT. |000. ) TIIEN
DO 70 I"I,NRT
SL'A(2,1)*E**-45
SII=(A(3,1)/E)tALOG(I.+A(4,I)/E+A(5,I)tE)
STP(I}_|./(|./SL_|./SH)
70 CONTINUE
ENERGY 1000< =E<'IO0000 KEV
ELSE
B2=(V/C)**2 IN ENERGY TERH
B2-I.-I./(I.+E/938300.)**2
CALCULATE ASYHPTOTIC DENSITY EFFECT
DEL=DENSEFF{T)
DO 30 I-I,NAT
SUH_O.
DO 20 J-l,5
b_J-I
K_J$7
SUH=SUH_A(K,I)*(ALOG(E)**L)
20 CONTINUE
SUH=SUH*(| -TEXP(-2 *(|.ES/E)**2))
STp(I).(A(6,I)/E2),iALOG(A(7,I)*B2/(I-B2))-E2-SUH-DEL/2-)
30 CONTINUE
DO 90 I=I,NAT
S=S+STP{I)*DENSTRG(I}
90 CONTINUE
S=StI.E-21
RETURN
100 CONTINUE
C
DO II0 I-I,12
DO 110 J=I,NAT
A(I,J)_ACOEF|I,ZTRG(J))
llO CONTINUE
HOLD=NLRY
GO TO lO
END
C
************************** DENSEFF(E)**t**************
C
FUNCTION DENSEFF(E)
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
SUBrOUTIne D_Sk_ CALCULATES THE 'ASYMPTOTIC' DENSITY eFFECT
OF TIle STOPPING POWER (CORRECTION TO BETHE-BLOCH FORMULA)
E IS THE _INETIC ENERGY OF PROJECTILE IN MEV/AHU
COMHON/TARGET/NLAY,XLAY,DN,NAT,ATRG(5},ZTRG(5),DENSTRG(5}
DATA NOLD/O/
RYDBERG CONSTANT RY AND ELECTRON REST MASS ENASS ARE IN EV
DATA Ry,ENASS,PHASS,AO,PI/i3.6,.5||E6,938.3,5.2928E-9,3.|4|59265/
IF(NOLD.NE.NLAY) GO TO 5
3 CONTINUe
Wp_4.*RY*SQRT(PI*RHOE*(AO**3))
C_-2.*ALOG(EHEAN/WP)-I.
ATA_P/MC (_INETIC MOMENTUM/REST MOMENTUM)
ATA=SQRT(E*EA2.*PMASS*E)/PHASS
DEL_ALOG(ATA**2)+C
IF(DEL.LT.0.) DEL=0.
DENSEFF_DEL
RETURN
5 CONTINUE
CALCULATE IONIZATION POTENTIAL DUE TO IONIZATION OF ALL
TARGET MATERIALS
RENEAN_ALOG OF ALL IONIZATION POTENTIALS
RHOE=ELECTRON DENSITY OF ALL IONS
C
C
REMEAN_0.
RHOE=0.
DO 2 J_|,NAT
RHOE_RHOE_ZTRG(J)*DENSTRG(J}
REMEAN_REHEAN+ZTRG(J)*DENSTRG(J)*ALOG((2-*EMASS)/ACOEF(7,ZTRG(J)))
2 CONTINUE
EMEAN_TEXP(REMEAN/RIIOE}
RHOE_DN*RHOE
NOLD_NLAY
GO TO 3
END
C
C**********************UBR**TINE ATOPA(T,S)********************
C
SUBROUTIHE ATOPA(T,S)
C
C SUBROUTINE ATOPA CALCULATES ALPHA STOPPING POWER
C
DIMENSION Alg,SI,B19,2),Clg,5),STP(5}
C
COMMON/TARGET/NLAY,XLAY,DN,NAT,ATRGIS),ZTRGISI,DENSTRG(5)
C
DATA WOLD/0/
C
C ARRAY B IS BASED ON LOW ENERGY H,O SOLID
C
DATA _/.9961,.4126,6.92,8.831,2.582,2.371,.5462,-.07932,-'006853,
_1.766,.5261,37.11,15.24,2.804,3.782,.3734,-.]011,-*007874/
C
IF(NOLD.NE.NLAY)GO TO llO
|0 CONTINUE
CC
C
C
C
C
C
C
C
C
C
C
C
C
20
30
C
C
C
C
C
C
C
Do 30 I-1,9
DO 20 J-I,NAT
A(I,J}=C(I,J)
IF(ZTRG(J).EQ.I.) A(I,J)=B(I, 1)
IF(ZTRG(J|.EQ.8.) A(I,J)-B{I,2}
CONTINUE
CONTINUE
CONVERT T IN HEV TO E IN KEV
E=I000.*T_4.
ENERGY E<| KEV
IF(E.LT.|.) THEN
DO 60 I_I,NAT
STP(1)=A(I,I)*E*bA(2,I)
60 CONTINUE
ENERGY I<_E<-IO000 KEV
ELSE IF(E.LE.IO000.) TIIEN
DO 80 I=I,NAT
SLOW-A{I,I)*E**A{2,I}
SIIIG.A(3,1)/(E/IOOO.),ALOG(I.¢A(4,I)/(E/IOOO.)+A(S,I)*E/IO00")
STP(I)=SLOW*SHIG/(SLOW+SHIG)
80 CONTINUE
ENERGY E>-IO000 KEV
ELSE
FE_ALOG{IOO0./E)
Do 40 I=I,NAT
STP(1).TEXPIAI6,1)_A(7,1)*FE_AIE,I)*FE*_2*A(9,1I*FE_*3)
40 CONTINUE
DO 100 I-I,NAT
S=S_STP(I)*DENSTRG(I)
100 CONTINUE
S_S*l.R-21
ACO_I.-(E-2.E4)I2.E4
IF(E.LT.2.E4) RETURN
IF(E.GT 4.E4) ACO=O.
BCO=I.-ACO
CALL ATOPP(TeSTPB)
S=_CO*S+4**BCO*STPB
RETURN
110 CONTINUE
DO 120 I-1,9
DO 120 J=I,NAT
C(I,J)_CCOEF(I,ZTRG(J)}
120 CONTINUE
NOLD_NLAY
C
C
C
C
GO TO i0
END
C
**************************BR*UTIN* ATOPN(T,S,A|,Z|)***************
C
SUBROUTINE ATOPN(T,S,A|,ZI)
SUBROUTINE ATOPN CALCULATES NUCLEAR STOPPING POWER OF
ARBITARY IONS
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
DIMENSION SN(S),A(S),Z(S),STP(S)
COHHON/TARGET/NLAY,XLA¥,DN,NAT,ATRG(S),ZTRG(5),DENSTRG(5}
CONVERT T IN MEV TO E IN KEV
E=IOOO.*T*A1
DO 40 I=I,NAT
A(I)_ATRG(1)
Z(I}=ZTRG(I)
EPRH IS REDUCED ION ENERGY
EPRH-32.S3*A(I)*E/(ZI*Z(I)*(Al+A(I))*(ZI**(2./3.)_Z(I)**(2./3.))
-**.5)
REDUCED ION ENERGY EPRH <.O1
IF(EPRH.LT.O.O|) THEN
SN(I)-I.593*EPRH**.5
REDUCED ION ENERGY .OI<_EPRH<!IO
ELSE IF(EPRM.LE.IO.) TEEN
SN(I)_I.7*(EPRM**_5)*(ALOG{EPRH#TEXP(1.))/(I.+6.8*EPRH*3.4*EPRH
-**1.5))
REDUCED ION ENERGY EPRH>IO
4O
ELSE
SN(II_ALOG(.lT*EPRH)/(2.*EPRN)
END IF
CONTINUE
CONVERT FROH LSS REDUCED STOPPING UNIT TO UNITS OF EV/lO**15 ATOHS/CM**2
S--0 °
DO 60 I-|,NAT
STP(I)!SN(I)*(8.462*ZI*Al*Z(I))/((AI+A{I))*SQRT(ZI**(2./3.)*Z(I)
-**(2./3.)))
S-S_STP(1)*DENSTRG(1)
60 CONTINUE
S-S*l.E-21
RETURN
END
ACOEF(I,Z)**************************
C
*******************************
C
FUNCTION ACOEF(I,Z)
C
C FUNCTION ACOEF CONTAINS ZIEGLER STOPPING POWER COEFFICIENTS
C FOR PROTONS
C
Cc
DIHeN_O_ A(12,J6),ze(5},A/_(12,5}
bATA ((A(_,_},lT),12J,a=l,14}/l.2_2_l.44,242.6,1"2_4,']159,
-.0o05o99,5.436E4r
__5.052,2.049e-.3044,.OlP66,-.OOO4659,).229,|.397,484.5r5873.,
_.O5225w.OO|02,2.451E4,-2.158,.8270t-,]172r.OO7259f--OO0166w
_l.411,|.6,725.6,3013.,.04578,.O0153,2.147E4f-.5831_.562_-*1103,
_.O09298,-.O002498e2.240,2.59w966.e|53.Sw.O3475e.OO2039el.63E4e'2779
_,.1745,-.05604w.OOS155e-.OOO1480w2.474r2.815,1206.,1060.,-02055
_r.OO2549,l.345E4w-2.445,1.283f-.2205w.O156,-.OOO393r2.63112*989,
_1445.f957.2,.O2819_.OO3059,1.322R4#-4.38,2.044w-.3283r*O2221w
__.0005417e2.95413.35,1683.t1900,,.025131.003569rl.179E41-5"0541
-2.325r- 3713e-O2506f-.OO06109e2"652,3"p1920''2000''_0223'*O04079'
_].046R4;-6.734_3.019,-.4748,.O31711-.0007669w2.085r 352,2157-e
_2634o,.OlS16_.004589f0517.r-5.571,2.449,-.3781r-O2483,-.OOO5919w
_l.951,2.199w2393.e2699.1.O1568t.OOSO99e7353.,-4.408el.o?gr-'2014,
_.O1796,-.O004160r2.542r2.869,2628,w1054.woO1472w*005609w6905*,
__4.959,2.073e-.3054,.Olg21,-.0004403_3.Tg2,4.293,2862.w1009-,
_.OJ397r.O0611Of6551.,-5.51w2.266t-.3295w.02047e-.O004637,
_4.154r4.739,2766.r164.5,.02023,.O06620_6309.,-6*061,2.46,-'3535_
_.02|73,_.0004871_4.15_4o7_3329.,550.,.01321,.007138,6194._-6.294,
-2.538,-.3620_.0222_-.0004956/
-.007648e5942 527 2.616,-.372),.02267_-.000504_3"447e3"891"
-3792,,1219,, 01211_.008150,5678"e-6"761_ 2.694_-'3814_'02314_
__.O005125e5.047,5.714_4023._878.6e.O1178,.O08668_5524.,-6.994,2*773
-,-.3907_.02361 _.0005209_5.731,6.5,4253.,530.,.01123,.009178,
-5.151,5._33_44 ._545.7,.01129_.009687,5295._-7-44r2.923_
__.4094,.02462_-.0005411_5.521_6.252_4710._553-3,-01112,'0102,
-5214.,-7.653_2.995e-.4107_.02516,-*0005529_
_5.201,5.804_4939.,560.9,.009995_.01071,4698._-9-012_3.|23_-'435,
_.02605,_.0005707_4.862_5.496,5165._568.5_.009474_.01122_4443",
__0.371,3.251_-.4513,.02694_-.0005806_4.48,5.055,5391._952"3,
_.009117,.01173_4216._-0.731_3.379_-.4676_.02783,-.0006064,
_3.983_4.489r5616._1336._.008413_.01224_3946._-9.09_3.507_-'4838,
_.02872,-.0006243_3.469_3.907,5725._1461._*008029,.01275e3785"_
__9o449_3.635_-.5001,.02961_-.0006421_3.519_3.963,6065",1243",
-.007782_.01326_3650.,-9.809_3.763_- 16t_o0305_-o00066_3.14,
-3.535_6208._1372._.00736|_.01377_345_* -10.17_3.891_-.5327_
_.03)39,-.O006779e3.553_4.004_6205.e555.|_-O00763,.O|420,
-3297._-10.53e4.0|9_-.549_.03229_-.0006957/
DATA ((A(IeJ},I=le12}_J_29,36}/3"696_4"175* 4673"_
_307.8,.02180_.O1479,3174._-ll.18r4.252w-.5791,.03399_-'0007314'
-4.21_4 75_6953._295.2w.006809,.0153_3194.,-ll.57,4.394r-'598,
-.03506,-.0007537e5.041_5.697,7173.,202.6_.006725,.01581e
-3154.,-11.95,4.537,-.6169,.03613,-.0007759_5.554_6-3,6496"_
-110._.009689_.01632_3097.w-12.34,4.68_-.6358,.03721,-'0007981,
323,6.012_7611._292.5,.006447,.01683_3024._-12-72_4"823,
-5_6547,.03828 ,- 0008203,5.874,6.656_7395.,117.5,.007684
-.O1734_3006.e-13.ll_4.965,-.6735,.03935,-*OOO8425_5"611e
-6.335_8046.e365.2r.OO6244w.O1785,2928-,-13.4_5-O03_-'6906*
-.04042,-.0008675,6.411_7.25_0262.,220-,.006087,'01836,2055"'
--13.69,5.2,-.7076,.0415,_0000925/DATA ZB/40._47.,72.,82._ •
DATA AA/6.734,7.603,9120.,405.2,.005765,.02039,
-2704.,-14.59_5.463_-.7333,.04242,-.0008998,
-5.623,6.354_7160_,337.6w.01394,.02396_
-2193.,-18.39_6.86_-.9211_.05346_-.00114w
-5.028,5.657_1.555E4,440.8,.003195_.03671_
-1499.,-15.I8_5.22_-.6353,.03286_-.0006133,
-5.319,5.982 I 4E4,586.3 .002871,.04181,
-1347.,-19.48 6_857,-.8678,.04747,-.0009548,
-7.29,8.204w1.918_4,586.3_.002573,.04691_
-1207.,-20.18,6.995,-.8757,.04753,-.0009508/
CC
J-Z
IP(_,Lk.J_)) THAN
^coR_=A{t,J)
RETURN
ELSE IP(_.LT.Z_(|}I TIIENACOEF=A(I,36}_(AA(,1)-A(i,J6)}*(Z-ZB(1})/(ZB(|)-36.)
RETURN
ELSE
IIg-II
IF(J.LT.ZB(II})
CONTINUE
GO TO 4
COnTInUE
ACOEFffiAA(I,ItZ-I)*(AA{I,IIZ)-AA{I,IIZ-I))*
-(Z-ZB(IIZ-I))/(ZB(IIZ)-ZB(IIZ-I))
RETURN
END IF
END
C
C
CCOEF(I,Z)***************************
FUNCTION CCOEF(I,Z)
C
C FUNCTION CCOEF coNTAINS ZIEGLER STOPPING POWER COEFFICIENTS
C FOR ALPHA PARTICLES
C FOR A DISCUSSION SEE HEALTH PHYS. VOL.46, P.1101,1984
C
C
C
C
C
C
C
C
C
C
DIMenSION C(9,37),CC{9,6),ZB(6)
ARRAY C IS BASED ON THE FOLLOWING LOW ENERGY GAS/SOLID CROICES
GfGAS,SfSOLID
I|-G,HE-G,LI-S,BE-S,B-S,C-G,N-G,O-G,F-G,NE-G,NA-G,HG-S,AL-S,
SI-S,P-S,S-G,CL-G,AR-G,K-S,CA-S,SC-S,TI-S,V-S,CR-S,HN-S,FE-S,
CO-S,NI-S,CU-S,ZN-S,GA-S,GE-S,AS-S,SE-S,BR-G,KR-G,RB-S
ARRAY ZB IS BASED ON
ZR-S,MO-S,AG-S,AU-S,PB-S,U-S
DATA _(CII,JI,I'I,9),J=I,18)/
-.39,. 3, .17 85.55,19.55,2.371,.5462,-.07932,-.006853,
-.58,.59,6.3,130.,44.07,2.809,.4847 -.00756 -.007201,
1.42,.49,12.25,32.,9.161,3.095,.4434,-.07257,-.007459,
-2.206,.51,15.32,.25,0.995,3.28,.4188,-.09564,-.007604,
_.691,.4128,_8.48,50.72,9.,3.426,.4,-.09796,-.007715,: .47,.4485,2 .37,36.41,7.993,3.588,.3921,-.09935,-.007804,
-2.,.548,29.B211B.ll,4.37,3.759,.4094,-.O9646e-.O07661,
-2.717,.4858,32.BB,25.BS14.336,3.782,.3734,-.1011,-.O07874,
-2.616,.4708,41.2,28.07,2.450,3.816,.3504,-.1046,-.008074,
-2.303,.4861,37.01,37.96,5.092,3.863,.3342,-.1072,-.008231,
-13.03,.2685,35.65,44.18,9.175,3.898,.3191,-.1086,-.008271,
-4.3,.47,34.3,3.3,12.74,3.961,.314,-.1091,-.008297,
-2.5,.625,45.7,.1,4.359,4.024,.3113,-.1093,-.008306,
-2.1,.65,49.34,1.780,4.133,_ 077, 3074,-.1089,-.000219,
-1 729,.6562,53.41,2.405,3. 45,4.i24,.3023,-.1094,-.00824,
-3.116,.5988,53.71,5.632,4.536,4.164,.2964,-.1101,-.008267,
-3.365,.571,63.67,6.182,2.969,4i2_.2936,-.1103,-.00827,
-2 291,.6284,73.88,4.478,2.066, 1,.2994,- 1085,-.008145/
DATA !(C(I,J),I=I,'9),J=I9,371/8.554,.3817,-83.61 11.04,1.875,4.3,.2903,-.1103,-.008259,
-6.297 .4622,65.39,10.14,5.036,4.344,.2897,-.1102,-.008245,
-5.307,.4918,61.74,12.4,6.665,4.327,.2707,-.1127,-.00837,
-4.71,.5087,65.28,8.806,5.948,4.34,.2618,-.1138,-.00842,
-6.151,.4524,83.,18.31,2.71,4.361,.2559,-.1145,-.008447,
:_.57,.432 33,2
• 71--.
CC
C
_,01j,.4_O_,O_,_O_16._5,3.211,4,375,.2253,-.llOS,-.OOg64g,
_32_,494?,76,14tlO.05_5,441,4,362,.2069,-.1214,.O09915,
,652t,4_71,00.73,22.,4.SS2,4,346,,IOS?,-.1249,-.OO9021t
.114_.5236,76.67_7.62,6.395,4.355,.lOf-.1255w--OOSO45e
_3.114,.5236,_6.67_7.62,7.502,4.309,.1806,-.1253,-.009020r
_3.114,.5236v_G.65_7.62eS.514r4.407r.1759r--1250r-'OO9054r
_5.746,,4662,79.24,1.105,7.993,4.419,,1694,-.1267,-'009094'
_2.792p.6346,106,1,.2996,2.311,4.412,.I_45,-.1299,-'009202'
_4.667,.5095,124.3,2.102,1.667,4.419,.1440,-.1303,-'009269'
-1.65,.7,149-_ 47r'9686, 4"436''1443'-'1299'-'009229'
DATA ZB/40.,42.e47.e7 , .,92./
DATA CC/10*991*41f 163*9rT*l_l*052r4*549,'1572r-*1256f-*O00901t
_9.276f.419,157.1,9.039,1.29,4.549,*1495,-*1259r -*00ooBS_
_5.6,.49,130.,lO._2.044r4.577,-13r-.1295, -'009067'
-3.223,.5993,232 7,2.954,1"05, 4*564r-'O27r-'1471_-'OO99S2v
_.19 .52,170 : ,3.224,4.609,-.02996,-.1485,--00999,219,.5020,24 :,3 039,1.25,4.751,.004244,-.1419,--009576/
J=Z
IF{Z.LE.3_.) T.EN
CCOEF-CtI,J}
RETURN
ELSE IF(Z.LT.ZBiI}} THEN
CCOEF=C(I,37)+{CC(I,I)-C(I,31))*{Z-ZB(I))/(ZB{I)-37")
RETURN
ELSE
DO 3 II=1,6
IIZ=II
IF(J.LT.ZB{II)} GO TO 4
3 CONTINUE
4 CONTINUE
CCOEF=CC(I_IZ-I)*(CC(I,IIZ)-CC(I,IIZ-I)}*
-(Z-ZB{IIZ- }/(Z_(IIZ}-ZB(IIZ-I}}
RETURN
END IF
END
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
SUBROUTINE HGAUSS(A,B,N,SUM,FUNC,FOFX,NUMBER]
SUBROUTINE HGAUSS USES A GAUSS-LEGENDRE QUADRATURE FORMULA TO
PERFORM A 5 POINTS PER SUBINTERVAL NUMERICAL INTEGRATION
A=LOWER LIMIT
B=UPPER LIHIT
N_NUHBER OF INTERVALS
SUM=RESULT OF INTEGRATION
FUNC=NAME OF SUBROUTINE THAT GIVES INTEGRAND
FOFXeINTEGRAND
NUMBER_NUMBER O_ INTEGRALS BEING DONE
DIMENSION U(5},R(S},SUM(I},FOFX(I)
DO 10 LL=I,NUMBE _
lO SUM(LL) =0-0
IF(A.EQ.B} RETURN
O(I) ARE THE ZEROS OF LEGENDRE POLYNOMIAL OF DEG. 5
U(I)=.42556293050919
C
C
C
C
C
C
C
C
C
C
C
C
C
C
U
,1602952158So48g
0 ,0674693166S55o.
)=,013o46735741414
R(1) ARE THE WEIGHTS 9UCH THAT THE INTEGRATION IS EXACT
R(1)=.147762|[2357376
R(2)=.|3463335965499
074725674575290
R(5)-.033335672154344
FINE=_
DELTA_FI_E/[_-A}
FIND INITIAL VALUE FOR INTERVAL
DO 30 K_l,N
Xl =K-I
FINE=A+XI/DELTA
EVALUATE FUNCTION AT 5 POINTS PER INTERVAL
DO 20 11-1,5
UU=U(II)/DELTATFINE
CALL FUNC (UU,FOFX)
ADD TO SUM FOR EACH FUNCTION
DO 20 NN_I,HUHBER
20 SUM[NN)-n(II)*rOFX{NN)+SUH{NN)
DO 30 II=1,5
UU.(I.0-U(II)}/DELTA+FINE
CALL FUNC {UU,FOFX)
DO 30 NN=I,NUHBER
30 SUH{NN)-R(II),FOFX[NN)+SUM{HH)
DO 40 I-I,NUHBER
40 SUH(I)_SUH(I)/DELTA
RETURN
END
C
C*****SUBROUTINE IUNI(NHAX, N,X,NTAB'Y'IORDER'XO'YO'IPT'IERR)t*******
C SUBROUTINE IUNI{NMAX,N,X,NTAB,¥,IORDER,XO,YO,IPT,IERR)
C
C SUBROUTINE IUNI USES A I-ST OR 2-ND ORDER LAGRAHGIAH INTERPOLATION
C FOR A MONOVARIATE FUNCTION Y_F{X)
C
C TAKEN FROM LANGLEY HATH. LIBRARY
C
DIHENSIOH X(_HAX),Y(NMAX,NTA_),Y0{NTAB)
C
NH l--N- I
IERR--0
J--l
DELX-'-X (2 )-X (1 )
IF (IORDER .EQ, O) GO TO 10
IF {N.LT. 2) GO TO 20
GO TO 50
I0 IERR--- I
GO TO 30
20 IERR---2
CC
C
C
C
JO DO 40 NT=I,NTAB
40 co_t_U_
RETU_
50 ZF (IPT .GT. -1) Go TO 65
IP (DELX .EQ O) GO TO 190
ir (_ .EQ. 2i Go TO 6S
vo 60 J=2,_HI
IF (DBLX * (X(d*|)-g(d))) 190,190,60
60 CONTINUE
6s IP {IPT .LT. 1) IPT=I
IF (IPT .CT. NH|) IPT=HHI
IN= SIGN (|.0,DELX *(X0-X(IPT)))
70 P- X(IPT) - XO
IF (P* (X(IPT *l)- X0)) 90,190,90
B0 IPT =IPT +IN
IF (IPT.GT.O .AND. IPT .LT. N} GO TO 70
IERR--4
IPT=IPT - tR
90 IF (IORDER .GT. l) GO TO 120
DO 100 NT=|,NTAB
YO(NT)-Y(IPTrNT)+(tY(IPT+lrNT}- ¥(IPT,NT))*(X0-X(IPT)})/
-(X(IPT#|)-X(IPT))
|00 CONTINUE
IF (IERR .mO. -4) IPT=IPTtlN
RETURN
120 IF (N .BQ. 2) GO TO 200
IF (IPT .EO- NHI) GO TO 140
IF (IPT .EO. I) GO TO 130
IF (DELX *(XO-X(IPT-I)).LT.DELX* (X(IPT_2)-XO}) GO TO 140
130 L=IPT
GO TO 150
140 L=IPT -I
150 Vl_X(b)-X0
V2_X{L+I)-X0
V3=X(L+2I-XO
DO 1_0 NT=I,NTAB
¥YI=(Y(L,NT) * V2 - ¥(L+I,NT) * vl)/(X(L+I) - X(L))
¥¥2=(¥(L*I,NT)*V3-Y(L+2,NT) *V2I/(X(L+2)-X(L+|))
160 YO(NT)=(YYI*V3 -YY2*VlI/(X(L+2I-X(LI)
C
IF {IER_ .eO. -4i IPTfIPT # IN
meTUmN
|BO IF(P .NE. 0} IPT=IPT Tl
C
DO 195 NT=I,_T_B
¥0(NT)_Y(IPT,NT)
195 CONTINUE
RETURN
190 IERR=J Tl
RETURN
200 IERR=-3
RETURN
END
C
C*****SUBROUTINE IBI(NX,X,NY,Y,HAXF,F,IORDER,IPT,XO,YO,Z,IERR)******
C
SUBROUTINE IBI(NX,X,NY,Y,HAXF,P,IORDER, IPT,XO,YO,Z,IERR)
C
C
C
C
C
C
C
C
C
C
C
C
C
SUMROUTIN_ ISI USES A I-ST OR 2-hV ORDER LAGRANGIAN INTERPOLATION
_Ofl A 81VAflIATR _UNCTIO_ _P(X_)
TbkR8 P_oH LbSGLk¥ MbTfl LIBRbRY
REQUIRED ROUTINES QXZI14,QXZII5,QXZI16,QxzlI7
DIHENSION X(_1X),Y(NY),?(HAX}',NY),P(3),S(3),IPT(2),IORDRR(2)
IF(IPT(1).NE.-1)GO TO 10
IERR--- 1
IF(QXZ 114 (NX,X( I ), IPT( I ) ).LT. 0 )RETURN
IF(QXZIJ4(NY,Y(1),IPT(2) ).LT.0)RETURN
IPT(I )--'1
IPT(2)--I
IPT( I)--IPT( 2)--|
10 IERR=-4
r F ( IORDI_R ( 1 ). 141_. 1. AND. IORDER ( 1 ) • NE. 2 )RETURN
IF( IORDER(2) .NE. |.AND. IORDER(2) .NE. 2)RETURN
IERR-,-2
IF(NX- I. LT. IORDER( I ))RETURN
IF(NY-I. LT. IORDER(2 ))RETURN
IERR--0
CALL QXZII6(XO,X,IPT(|),NX,H,IERR)
CALL QXZII6(Y0,Y,IPT(2),NY,N,IERR)
CALL QXZIIS(IPT(2),IORDER(2),YO,KL,KR,Y,NY)
RH--RL+ l
CALL QXZIIV(¥O,YiKR),Y(KM),Y(KL),P,IORDER(2))
CALL QXZ1 15( IPT( 1 ), IORDER( 1 ) ,XO, LL, LR,X,NX)
LM--LLt 1
CALL QXZII7(XO,X(LR),X(LM),X(LL),S,IORDER(1))
Z_0.
LPI-0
2O
3O
C
C****
C
C
C
C
C
C
C
DO 30 I=LL,LR
LPI=LPI+I
SUHffiO.
KPI-O
DO 20 J=EL,_R
KPI=KPI_I
SUM=P(KP1)_F(I,J)#SUH
Z=SUH*S(LP1)_Z
IF(IERR.GE.0)RETURN
IPT(1)_H
IPT(2)=N
RETURN
END
************FUNCTION QxzII4(H,VAR,IPOS)**********************
FUNCTION QXZII4(M,VAR,IPOS)
FUNCTION QxzI14 C.ECKS TO SEE IF
TAKEN FROM LANGLEY MATH. LIBRARY
SEQUENCE VAR IS INCREASING
DIMENSION VAR(M)
DO 10 L=I,K
N=Ltl
IF(VAR(N}-VAR(L).GT.O.)GO TO I0
QxzÂ14=-I
IPOS_N
C
C
C
C
C
C
C
1o coNtlNU_
c
_tUflR
_ND
C
C***t**t,_SUgROUTINE QXZ|IS(IPT,IORDER,S,IL, IR, VAR,N)*_******_****
C
SUBROUTINE QXZIIS(IPT,IO_DER,S,IL,IR,VAR,N)
SUBROUTINE QXZII_ DECIDES TIIE INDICIES OF X,Y,Z ARRAY PASSES
TO ARRAY VAR
TAKEN FROH LANGLEY HATH. LIBRARY
DIflENSION vARIN}
_F(S.LE.VARi2}|GO TO 1o
IF(S.GE.VARIN-1))GO TO 20
IL=IPT
IF(S.LE.VAR(IPT))IL=IL-I
IF(IORDER.LT-2}GO TO 30
IF(ABS(S_VAR(IL-I)).LT.ABS(S-VAR{IL$2))) IL=IL-|
GO TO 30
Ib=l
GO TO 30
IL=N-IORDER
IR=IL$IORDER
RETURN
END
I0
20
30
C
C*****
C
SUBROUTINE QXZII6(S,VAR,IPOS,NBND, IF,IERR}
C
C SUBROUTINE QxzI|6 DECIDES THE INDEX OF X,Y,Z
C NEAREST TO XO,YO,ZO
C
C TAKEN _ROH LANGLEY HATH. LIBRARY
C
DIHENSION VAR(NBND)
C
C
******SUBROUTINE QXZII6(S,VAR,IPOS,NBND,IF,IERR)**************
I0
20
3O
LOGICAL ABOVE,BELOW
ABOVE=.FALSE-
BELOW=.FALSE.
ABOVE=BELOW_.FALSE.
IF(IPOS.EQ.0)IPOS _|
IF(S-VAR(IPOS))20,50,30
ABOVE=.TRUE.
IUP=IPOS
IF(ABOVE.AND.BELOW}GO TO 40
IPOS=IPOS-I
IF(IPOS.GE.I)GO TO 10
IERR=-3
IPOS=I
IF=O
RETURN
BELOW=.TRUE.
LOW=IPOS
IF(ABOVE.AND._ELOW}GO TO 40
IPOS=IPOS¢I
IF(IPOS.LE.NBND)GO TO |0
IERR_-3
IF_NBND
IPOS=NBND
RETURN
ARRAYIVAB}
40 I_OS-LOW
ItlABSlg-_A_IIU_)I,L_.A_s(S-_A_ILoWl))IPos=IuP
50 IF=IPOS
RETUR_
END
C
C**_*_*_**_SUBROUTINE QXZII7(S,VI_I,VAR2,VAR_,Q,IORDER)*_***_******
C
SUBROUTINE QXZII7(S,VARI,VAR2,VAR3,Q, IORDER)
C
C SUBROUTINE QxzlI_ CALCULATES THE LAGRANGIAN COEFF. FOR
C I-ST OR 2-ND ORDER INTERPOLATION
C
C TAKE8 _ROH LANGLEY 8ATII. LIBRARY
C
DIHENSION Q())
C
IF(IORDER.EQ.2)GO TO I0
TI=VAR3-VARI
T2_S-VARI
T3=S-VAR3
Q(1)_T2/T1
Q(2)_-T3/T1
RETURN
I0 TI-S-VAR2
T2=S-VARI
T3=S-VAR3
Q(I)=TI*T2
_(2)_T3*T2
Q(3)=T3*TI
TI=VAR3-VAR2
T2-VAR3-VARI
T3=VAR2-VARI
Q(I)-Q(|)/(TI*T2)
Q(2)eQ(2)/(-T|*T3)
Q(3)=Q(3)/(T2*T3)
RETURN
END
C
C
FUNCTION TEXP(X)
C
IF(X.LT.-88.) THEN
TEXP=EXP(-88.)
RETURN
ELSE IF(X.GT.88.) THEN
TEXP=EXP(88.)
RETURN
ELSE
TEXP=EXP(X)
END IF
RETURN
END
C
C
C
SUBROUTINE
$
$
SUTPAR(NX,NY,X,Y,NZ,Z,IENDSW,ENDXI,ENDXN,ENDV|,
ENDYN,ENDXY,SIGHA,H,XX,YY,IW,ZZ,WK,
IERR)
C
C SUBROUTINE SUTPAR INTERPOLATE A RIVARIATE SPLINE UNDER TENSION
C AT A VECTOR OF POINTS, RETURNING THE FUNCTION VALUE, THE TWO FIRST
C PARTIAL DERIVATIVES, AND THE THREE SECOND PARTIAL DERIVATIVES
C
C TAKE_ FROH LANGLEY HATH. LIBRARY
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
_QUtflkD floUfiHR_ - QXZO60,QXZO6J,QXZOG2,QXZiig,QXZ[li,QxzoE[,QXZI|2,
Po_MAL PAflANRT_fl9
tNTEGEfi tNNDSW(8),IERR,IW,H,NX,NY,Nz
REAL ENDXJ(Ny),_NDXN(Ny),EHDYI(NX],ENDYN(HX),ENDXY(4),SIGHA,WK(*)
REAL X(NX),XX(H),y(NY),YY(H),Z(NZ,NY),ZZ(6,H)
INTBRHAL VARIaBLeS
INTEGER INDEX,K
REAL ABSIGHA,DELX,DELY,ONE,SIGHAX,SIGHAY,ZERO
INITIALIZE CONSTANTS
DATA ZERO,ONE/O.OEO,I.OEO/
INITIALIZE IERR AND ClIECK ERROR RETURNS
IERR - l
IF (NX .LR. l) GO TO 9000
IF(H.LE.0) GO TO 9000
IF (NY .LE. I) GO TO 9000
IERR = 2
DELX _ (X(NX) - X(I])/(NX - l]
IF (DELX .LE. ZERO} GO TO 9000
DELY = (Y(NY] - y(|]]/(NY - l}
IF (DELY .LE. ZERO] GO TO 9000
IERR = 0
DENORHALIZE TIIE TENSION FACTOR SIGHA FOR X AND Y
IF SIGHA IS LESS THAN 1.E-30, IT IS REDEFINED TO ZERO
(WITH NO SIGNIFICANT EFFECT) TO AVOID UNDERFLOW.
ABSIGHA - ABS(SIGHA)
IF (ABSIGHA .LT. I.E-30] ABSIGHA = 0.0
SIGHAX = ABSIGHA / DELX
SIGMAY = ABSIGMA / DELY
BRANCH IF QXZII9 llAS ALREADY BEEN CALLED
IF (IW .EQ. 11 GO TO 30
INDEX = NX*NY 3 T I
IF (IENPSW(]) .HE. 2) GO TO 10
IENDSW(5] = 0
ENDXY([} = ZERO
IENDSW(6) = 0
ENDXY(2) = ZERO
l0 IF (IENDSW(4) .NE. 2) GO TO 20
IENDSW(7) - 0
ENDXY(3) = ZERO
IENDSW O) = o
ENDXY(4) = ZERO
20 CALL QXZIIg(NX,NY,X,Y,NZ,Z,IENDSW,ENDX|,ENDXH,BNDY[,ENDYN'
$ ENDXY(I],ENDXY(2),ENDXY(3|,ENDXY(4),DELX,SIGMAX,
$ DELY,SIGMAY,O,O,WK,WK(INDEX],IERR)
IF (IERR .NE. O] GO TO 9000
IN NUST BE SET TO | FOR OUTPUT
IW !" 1
30 CONTINUE
C
C
C
gEGI_ Loop Eo_ INTeRPoLATION AND DERIVATIVE EVALUATION
DO 90 R'IwH
CALL QXZIIIIXX(_),YY(kl,ZZII,RI,ZZ(2,R),ZZ(3,KI,ZZI5 El,
,_),ZZ(6,K ,NX,NY,X,Y,Z,NZ,WK,SIGMA,IERR}* zz( )
90 CONTINUE
RETURN
9000 IF(IERR .EQ. 1) IERR - -2
IF(IERR .EQ. 2) IERR _ -I
RETURN
END
C
C
C
C
C
C
C
C
C
C
C
SUBROUTINE QXZ060 (DELI,DEL2,SIGHA,CI,C2,C3,N)
SUBROUTIBE QXZ060 DETERHINE COEFFICIENTS C1 ,
USED TO DETERHINE ENDPOINT SLOPES. GIVEN TIIE
POINTS (XI,YI) , (X2,Y2) , AND (X3,Y3) ,
TIIE ENDPOINT SLOPE IS CI*YI + C2'Y2 + C3'¥3 *
IF N > 2 AND CI*YI + C2.Y2 IF N - 2.
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C2 , AND C3
FORHAL PARAMETERS
INTEGER N
REAL CI,C2,C3,DELI,DEL2,SIGHA
INTERNAL VARIABLES
REAL COSIIHI,DEL,DENOH,ONE,SIN,TWO,ZERO
INITIALIZE CONSTANTS
DATA ZERO,ONE,TWO/O.OEO,I.OEO,2.0EO/
TEST WIIETNER N - 2
IF (N ._Q. 2) Go TO 20
IF (AbS(SIGHA*DEL2) .GT. 740.0)
INITIALiZ_ THE VARIABLE DEL
DEL _ DEL2 - DELl
TEST WIIETIIER SIGHA _ ZERO
ik (SIGHA .NE. ZERO) GO TO 10
THIS CODE IS POR A STANDARD CUBIC SPLINE
C1 - -(DELI4DEL2)/(DELI*DEL2)
C2 _ DEL2/(DELI*DEL)
C3 = -DELI/(DEL2*DEL)
GO TO 9000
Tills CODE IS POE A SPLINE UNDER TENSION
GO TO 30
I0 CALL QXZ062(DUHHY,cosIIHI,SIGHA*DELl,J)
CALL QXZO62(DUHM¥,COSHH2wSIGMA*DEL2el )
SIN - TWO * SINII(SIGHA*(DEL2+DELI)/TWO) _ SINH(SIGHA*DEL/TWO}
DENOH = ONE / (COSHHI*DEL - DELl*SIN)
C1 - SIN * DENOH
C2 _ -COSHH2 * DENOH
C3 _ COSRHI * DENOH
GOTO 9000
C
C TO AVOID OVerfLOW iF StGHAtDEL_ tg TOO LARGE
C
30 C3 = 0.0
C
C TWO COEFFICIENTS
C
20 CI = -ONE/DELl
C2 - -CI
9000 RETURN
END
C
C
SUBROUTINE QXZ06I(DIAGrSDIAGrSIGHArDEL|
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
SUBROUTINE QXZ06I COHPUTE THE DIAGONAL AND SUPERDIAGONAL TERNS
OF THE TRIDIAGONAL LINEAR SYSTEM ASSOCIATED
WITH SPLINE UNDER TENSION INTERPOLATION.
FORHAL PARAHETERS
REAL DEL,DIAG,SDIAG,SIGHA
INTERNAL VARIABLES
REAL COSflH,DENOH,SIGDEL,SINHM
REAL*8 SIXTII,THIRD
INITIALIZE CONSTANTS
DATA ZERO, SIXTII,THIRD/
S0.0E0,'17155252525252525253'O,'17165252525252525253'O/
TEST WHETHER SIGHA IS ZERO
zV {sIGHA .HE. zero} co TO lo
TtllS CODE IS FOR TIlE STANDARD CUBIC SPLINE
DIAO - DEL*THIRD
SDIAG = DEL*SIXTH
GO TO 9000
THIS CODE I_ FOR A SPLINE UNDER NON-ZERO TENSION
10 SIGDEL - SIGHAADEL
CALL QXZ062(SINHM,COSHH,SIGDEL, O)
DENOH " SIGNA*SIGDEL*(I-ASINHM)
DIAG " (COSHM-SINHM}/DENOH
SDIAG " SINHH/DENOM
C
9000 _ETURN
END
C
C ****************************************************
C
C
C
C
C
C
C
C
SUBROUTINE QXZOG2 (SINHH,COSHM,X,ISW}
SUBROUTINE Qxz062 RETURNS APPROXIMATIONS TO
SINHM(X)-SINII(X)/X-I
COSIIM(X)=COSII(X)-I
COSIIHM(X)=(COSII(X)-I-X*X/2}/(X*X).
WITHOUT RELATIVE ERROR LESS TIIAN 4.0E-14.
CC
C
C
C
C
C
C
C
C
REAr. StNHS,COSttH, X
DATA
DATA
&
DATA
DATA
DATA
DATA
*
W
SPI4/.227501660976348E-?/,
SP13/.612109863171694E-5/,
SPI2/.715314759211209E-3/,
SPII/.398088289992973_-I/,
SQI2/.206382701413725E-3/,
SQI|/-.611470260009508E-I/,
SQ]O/.599999999999986E$1/
SP25/.129094158037272E-9/,
SP24/.473731823101666E-7/,
SP23/.g49213455598455E-5/,
SP22/.O33264803327242E-3/,
SP2|/.425024142813226E-]/,
SQ22/.lO6008515744821E-3/,
SQ21/-.449855169512505E-I/,
SQ20/.600000000268619E+I/
SP35/.155193945864942E-9/,
SP34/.SI1529451668737E-7/,
SP33/.884775635776784E-5/,
SP32/.850447617691392E-3/,
SP3J/.428888148791777E-l/,
SQ32/.93312883|O61610E-4/,
SQ31/-.42GG77570538507E-I/,
SQ30/.600000145086489E+l/
SP45/.IOOOTO632058331E-9/,
SP44/.545792817714192E-7/,
SP43/.920119535795222E-5/,
SP42/.O66559391672985E-_/,
SP41/.432535234960859E-I/,
SQ42/.O24891748820670E-4/,
SQ41/-,40493884|672262E-l/,
SQ40/.600005006283834E+I/
CP5/.552200614584744E-9/,
CP4/.|SI666923620944E-6/,
CP3/.270540125846525E-4/,
CP2/.206270719503934E-2/,
CPl/.744437205569040E-]/,
CQ2/.514609638642689E-4/,
CQI/-.177792255528382E-I/,
CQ0/.200000000000000E+I/
ZP4/.6644|8805876835E-8/,
ZP3/.218274535686385E-5/,
ZP2/.324851059327161E-3/,
ZPI/.244515150174258E-I/,
ZQ2/.616165782306621E-3/,
ZQI/-.213163639579425EO/,
ZQO/.2400000ooooooOOE+2/
^x = Ass(x)
IF (ISW .GE. Ol GO TO 5
SIHIIH APPROXIHATION
zr (^x .GT. 3.9} do TO 2
XS = AX*AX
IF (AX .GT. 2.2) GO TO I
SINIIH APPROXIHATION OH (0.,2.2)
91NHH
RETURN
XS,((((SPI4*XS+SPI3)*XStSPI2)*XStSPI|I*XS+I.}/
((SQI2*XS_SQII)*XS+SQI0)
SINIIH APPROXIHATION ON (2.2,3.9)
CC
C
C
C
C
C
C
C
C
C
C
C
| SIHSH i R_*(((((S_25*XStSP24}*xs_sP23)*XS$SP22)*XS+SP21)
• ;X_TI _ )/((SQ22*XS+SQ2|)*XSTSQ20)
R_TURH
2 IF (AX .CT. _.1) GO TO 3
SZHttH ^PPROXIHATIOH OH (J.9,5.1)
xS = AX*AX
SINHM _ XS*(((((SP35*XS+SP34)_XS+SP33)*XS+SP32)*XS+SP31)
*XS+l.)/((SQ32*xs+SQ3[)*xS+sQ3O)
RETURN
3 IF (^X .GT. 6.1) GO TO 4
SIHB8 APPROXINATIOH ON (5.1,6.1)
XS = ^X*AX
SlNtlH = XS*(((((SP45*XS+SP44)*XS+SP43)*XS+SP42)*XS+SP41|
*XS+I.)/((SQ42*xS+SQ41)*xS+SQ40)
RETURN
SIHHH APPROXIHATION ABOVE 6.1
4 _xPx - _xP(AX)
SIHHH = (ExPx-I./BXPX)/(AX+AX)-I.
RETURN
CostlH AND (POSSIBLY) SINIIH APPflOXINATION
s IP (xsW .GE. 2) Go TO 7
IF (AX .GT. 2.2) GO TO 6
XS = AX*AX
COSHH = XS*(((((CPS*XS+CP4)*XS+CP3)*XS#CP2)*XS+CPI)
• *XS+I.)/((CQ2*XS+CQI)*XS+CQ0)
IF (ISW .EQ. O) SINHH _ XS*((((SP14*XS+SPI3)*XS+SPI2)
,XS+SPII)*XSiI.)/((SQI2*XS+SQII)*xs+sQIo)
"RETURN
6 EXPX = _XP(AX)
CosHH - (EXPX+I./EXPX)/2.-I.
zF (ISW .EQ. O) SIN.N - (ExPX-I./EXPX)/(^X+^X)-I.
RETURN
C
COSItNH AND (POSSIBLY) SINltH APPROXIHATIOR
7 XS = AX*AX
IF tAX .GT. 2.2) GO TO 8
COSIlH = XS*((((ZP4*XS+ZP3)*XS+ZP2)*XS+ZPI)*XS+I.)/
• ((ZQ2*XS+_QII*XS+ZQ0)
IF (ISW .EQ. 3) SINHH XS*((((SPI4*XS+SPI3)*XS+SPI2)
*XS+SPII)*xs_I.)/((SQI2*XS+SQII)*xs+sQIo)
"RETURN
g EXPX = ExP(AX)
COSRH = ((EXPX+I./EXPX-XS)/2.-I.)/XS
IF (ISW .EQ. 3) SINllH _ (EXPX-I./EXPX)/(AX+AX)-I.
RETURN
END
C
C
INTEGER FUNCTION Qxz063 (T,X,N)
FUNCTION QXZ063 DETERHINES THE INDEX OF THE INT
(DETERHINED) BY A GIVEN INCREASING SEQUENCE)
WIIICI! A GIVEN VALUE LIES.
INTEGER N
CC
C
C
C
C
C
C
C
C
C
n_AL T,X(N)
sAv_ I
DATA I /I/
TT -- T
CIIECK FOR ILLEGAL I
I¢ (I .GE. NII = N/2
CIIECK OLD LNTERVAL AND EXTREHES
I_" (TT .LT. X(I}) THEN
IF (TT .LE. X(2}) THEN
I - I
Oxzo6J - I
RETURN
ELSE
IL _ 2
Itl ,= I
END I F
ELSE IF (TT .LE. X{I+l)} THEN
_XZ063 - I
RETURN
ELSE IF (TT .GE. X(N-I)) THEN
I --- N-1
Qxzo63 = N-i
RETURN
ELSE
IL =, I+l
I11 - N-I
END I F
BINARY SEARCII LOOP
1 I _ (IL+III}/2
IF {TT .LT. X(I}) THEN
IH ffi I
ELSE IF (TT .GT. X(ITI)} THEN
IL ffiI+1
ELSE
Qxzo63 = I
RETURN
END IF
GO TO l
END
C
C _t#tt_tt_tt&t&ttt_ttttttt_ttttttttt&&t&tttttttttt
C
SUBROUTINE QXZIli (XX,YY,ZZ,ZX,ZY,ZXX,ZRY,Zyy,H,N,R,y,
* Z,IZ,ZP,SIGHA, IERR|
C
C Tills SUBROUTINE EVALUATES THE FUNCTION VALUE, THE TWO
C FIRST PARTIAL DERIVATIVES, AND THE THREE SECOND PARTIAL
C DERIVATIVES OF A TENSOR PRODUCT SPLINE UNDER TENSION IN
C TWO VARIABLES. THE SUBROUTINE QXZII9 SHOULD BE CALLED
C EARLIER TO DETERHINE CERTAIN NECESSARY PARAHETERS.
C
INTEGER 8,N, IZ
INTEGER QXZ063
REAL XX,Y¥,ZZ,ZX,ZY,ZXX,ZX¥,ZYY,X(HI,¥(NI,Z(IZ,N},
* ZP(N,N,J),SIGHA
C
REAL CC(10),ZJ(2),XJ(2I,XXJ(2),YYJ(2),Xyyj(2),XXYYj(2}
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
DENORHALIZE TENSION FACTOR IN X AND Y DIRECTIONS
^gstcHA * A_9(gt_MA)
Ir(ABsIGH^ .LT. 1.e-JO) A,SICH^ - o.o
SIGHAX _ A_SIGM_*PLOAT(M-I)/{X(H)-X(I))
SIGHAY - ABSIGHA*FLOAT(N-i)/(Y(N)-Y(1))
DETERHIHE X INTERVAL
iHt = Oxzo63(XX,X(I),H)
I - 18141
DETERHIHR Y INTERVAL
oHl - QXZO63(YY,Yil),N)
J - JHI*I
OBThlN X HESH DISTANCES
DELl = xx-x(IHI)
DEL2 - XiI)-XX
DELS = X(I)-x(IHI)
SET ERROR CODE TO PREVENT OVERFLOW DUE TO EXCESSIVE EXTRAPOLATION.
ZERR - 4
IF (SIGHAX*ABS(DEL[) .GT. 650.0 .OR. SIGHAX*ABS(DEL2) .GT. 650.0)
. CO TO 9000
IERR = 0
OBTAIN COMHON COEFFICIENTS
co(l) = DEL2/DELS
CC(2) - DELI/DELS
D = -1./DELS
cc(s) _ D
CC(6) = -D
IF (SICHAX .NE. 0.) co TO I
OBTAIN COEFFICIENTS FOR CUBIC SPLINE
CON _ -DELI*DEL2/(6.*DELS)
cc(_) - {DEL2*DELSl*CON
CC( ) _ (DELI#DELS)*CON
CC{7} = _{2.,DEL2,DEL2-DELI*(DEL2)DELS))/(6-*DELS)
CC(8) = (2.,DELI,DELI-DEL2*(DELI+DELS))/(6-*DELS)
cc(9) = cc(1)
cc(lo) = cc(2)
GO TO 2
OBTAIN COEFFICIENTS FOR SPLINE UNDER TENSION
1 SIGDEL = SICHAX*DELS
CALL QXZ062(SINHHI,COSIIHI,SIGNRX*DELl
CALL QXZO62(SINBH2,COSHH2,SIGNAX*DEL2
CALL QXZO62(SINHNS,DUNHY ,SIGDEL
SINHS " 1. + SINHHS
CON = I./(SIGNAX*SIGDEL*SINHS)
CC(31 " CON*DEL2*(SINIIH2-SINHHS)
CC(4) = CON,DELI*(SINIINI-SINHHS)
CC(7) - -CON*(COSHN2-SINHHS)
CC(8) = CON,(COSHHI-SINHHS)
CC(9) = (DEL2,(I.+SINHN2))/(DELS*SINHS}
CC(IO) = (DELI,(I.+SINIIHI))/(DELS*SINHS)
, o)
, O|
,-1)
INTERPOLATE IN X DlflECTION
CC
C
C
C
C
C
C
C
C
C
C
C
C
C
C
2 cALL Qx_li2
cALL Qx_ll2
cALL 9xzll_
&
CALL QXZlI2
(CC,ZP(IHI,JH|,J),ZP(IMI,JHI,3},YYJ(1),
XyyJ(1),XXYYJ(I)) .
(CC,ZP(IHI,J,1),ZP(IHI,J,]),YYJ(2),
XyYJ(2),XXYYJ(2))
OBTAIN Y HESIt DISTANCES
DELl - yy-y(JHI)
DEL2 = Y(J¿-YY
DELS _ y(J)-Y(JHi)
SET ERROR CODE TO PREVENT OVERFLOW DUE TO EXCESSIVE EXTRAPOLATION.
ZERR - 4
IF (SIGHAY_ABS(DELI) .CT. 650.0 .OR. SIGHAY_ABS(DEL2) .GT. 650.0)
, GO TO 9000
IERR _ 0
OBTAIN COHHON COEFFICIENTS
CC(I} = DEL2/DELS
cc(2) - DELI/D_LS
0 = -1./DELS
cc(s) _ D
CC(6) - -D
IF (SICMAv .NE. 0.) CO TO 3
OBTAIN COEFFICIENTS FOR CONIC SPLINE
CON = -DELI*DEL2/(6.*DEL9}
CC(3) = (DEL2+DELS)*CON
CC(4) _ (DELIADELS)*CON
CC(7) = _2-'DEL2tDEL2-DELltlDEL2TDELS))-/16"*DELS|CC(8} = ,DELItDELI-DEL2*(DELI¢DELS|I/(6.*DELS)
cc{9) - cc(1)
cc(lo) _ cc(2)
Go TO 4
OBThIN COEFFICIENTS FOR SPLINE UNDER TENSION
C
C
C
3 SIGDEL - SIGHAY*DELS
CALL QXZO62(SINHHI,COSIIHI,SIGHAY*DELI , 0)
CALL QXZ062(SINHH2,COSHH2,SIGNA¥*DEL2 , 0)
,SIGDEL - )CALL QXZO62(SINHHS,DUHHY , I
SINHS = 1.¢SINHHS
CON = 1./(SIGHAY*SIGDEL*SINHS)
CC(_ I = CON*DEL2*ISINHH2-SINHHS)I)(SI I-SINH S)
CC(4 : -CON*(COSRH2-SINIIHS)cc(7)
CC(8) = CON*(COSHHI-SINIIHS)
CC(9) _ (DEL2*ll.4SINHH2)I/ID_LSt_INHS}
CC(IO) = (DELI6(I.¢SINHHI))/(DELS SINHS)
INTERPOLATE IN Y DIRECTION
4 CALL QXZII2 (CC,ZJ,YYJ,ZZ,ZY,ZYY)
CALL QXZII2 (CC,XJ,XYYJ,ZX,ZXY,DUHH¥)ZXX CC(I),XXJ{1)¢CC(2)*XXJ(2)+CC(3)*XX¥¥J(1)+
• CC(4¿*XXYYJ(2)
9000 RETURN
END
CC
SUBROUTINE QXZII2 (A,y,YP,YY,YYP,YYPP)
C
_EAL A{IO),Y(_),YP(2)
C
yy = A(1),y(1)#A(2)_Y(2)#A(J)_YP(1}+A(4_*YP(2)
yyp . A(S),y(I}AA(6)*Y(2)AA(V)'YP(t)AA(B}*YP(2)
yypp = A(9)*YP(1)+A(IO)*YP(2)
RETURN
END
C
C ***********************************************************
C SUBROUTINE QXZI|9(H,N,X,Y, IZ'ZflSLPSW'ZXI_ZXM'ZY|'ZYNrZXYIlrZXYHI'
$ ZXYINvZXYHNr DELX'SIGMAX'DELYrSIGHAY*IOPTXflOPTYw
$ ZPwTEHPtlERR)
C
C SUBROUTINE QXZll9 COHPUTE PARAHETERS NECESSARY TO BE ABLE TO
C INTERPOLATE POINTS ON A BIVARIATE SPLINE
C FUNCTION UNDER TENSION PASSING THROUGH A
C RECTANGULAR GRID OF FUNCTIONAL VALUES. SEE
STIBI (El.X).C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
FORMAL PARAMETERS
INTEGER IERR,IOPTX,IOPTY,ISLPSW(B),IZ,M,N
REAL DELX,DELY,SIGMAX,SIGHAY,TENP(*),X(H),Y(N},Z(IZ,N) M,N 3
REAL ZXM(N),ZXI(N),ZYN(M) ,ZYI(M)'ZXYMN'ZXYMI'ZXYIN'ZXY_:P( ' )
INTERNAL PARAMETERS
INTEGER I,IBAK,IBAKPI,IM],IpI,J,JBAR,JBAKPI,JM|,JPI,HM|,MPI'NNI
INTEGER NPI,NPM,NPHPJ,NPI
REAL CI,C2,C3,DELI,DELXM,DELXMM,DELXI,DELX2,DELYN'DELYNH'DELY|
REAL DELY2,DELI,DEL2,DIAGI,DIAGIN,DIAG],DIAG2,0NE'SDIAG|'SDIAG2
REAL T,ZERO,ZXYMNS,ZXY]NS
CONSTRUCT CONSTANTS
DATA ZERO,ONE/O.OEO,I.OEO/
DEFINE SOHE VARIABLES
HM1 - H - 1
NPI = H # 1
NHI _ N - 1
NPI _ N • I
NPH _ N • H
IERR _ 2
OBTAIN Y-PARTIAL DERIVATIVES ALONG y _ y(1)
DELYI = DELY
IF (IOPTY .EQ. 0) DELYI = Y{2) - y(l)
IF (DELYI .LB. ZERO) GO TO 9000
IF (SIGMAY_DELYI .LE. 650.0) GO TO 5
IERR = 3
GO TO 9000
5 IF (ISLPSW(_) .E_. 2) GO TO t00
IF (ISLPSW(3) .EQ. 1) GO TO 20
THIS CODE IS FOR A USER-DEFINED EDGE CONDITION
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
DO I0 I - _,_y| I
zP{t,l,i} ( )
|0 CONTINUE
IF (ISLPSW{4) .NE. I) GO TO I00
IF (IOPT¥ .EQ. O) GO TO 140
THIS CODE iS FoR A COMPUTER-DEFINED EDGE CONDITION
20 DELY2 " DELY| T DELY|
IF (IOPTY .EQ. 0 .AND. N .GT. 2) DELY2 = Y(3} - Y(|)
IF (DELY2 .LE. DELYI} GO TO 9000
CALL QXZOGO(DELYI,DELY2,SIGHAY,C|,C2,C3,N}
bRANCH SINCE oNLY Tile cI's ARE NEEDED
IF {ISLPSW(3) .RQ. 0) GO TO 130
DO 30 I _ I,H
ZP{I,I,I) - cl*Z{l,l) ¢ C2.Z{1,2)
30 CONTINUE
2) Go TO 1oo
DO
ZP(I,I,I} - ZP(I,I,I) ¢ C3,Z(1,3}
40 CONTINUE
OBTAIN y-PARTIAL DERIVATIVES ALONG Y _ Y{N)
100 IF {IsLPsW{_) .EQ. 2) GO TO 200
IF {ISLPSW{ ) .EO. l) GO TO 120
TlllS CODE iS FOR A USER-DEFINED EDGE CONDITION
DO 110 I - I,H
TEHP{NTI) - ZYN{I)
lIO CONTINUE
GO TO 200
TIIIS CODE IS FOR A CONPUTER-DEFINED EDGE CONDITION
120 IF (IOPTY .EQ. 0} GO TO 140
THIS CODE IS _OR TIIE y-EQUALLY-SPACED CASE
130 cl _ -el
C2 = -C2
IF (N .GT. 2) C3 - -C3
GO TO 150
TIIIS CODE IS FOR TIIE NON-Y-EQUALLY-SPACED CASE
C
C
140 DELYN = Y(N) - ¥(NHI)
IF (DELYN .LE. ZERO) GO TO 9000
IF {SIGHAY*DELYN .LE. G50.O) GO TO 145
IERR = 3
GO TO 9000
145 DELYNH = DELYN ¢ DELYH
IF {n .GT. 2) DELYNH = ¥{N) - V(N-2)
IF {DELYNH .LE. DELYN) GO TO 9000
CALL QXZO60(-DELYN,-DELYNS,SIGMAY,CI,C2,C3,N)
150 DO 160 I _ 1,8
TEHP(N_I) " CI*Z(I,N) ¢ C2*Z(I,NHI)
160 CONTINUE
IF (N .EQ. 2) GO TO 200
DO 170 I " I,H
NPI _ N ¢ I
TEHP(NPI) " TEHP(NPI) ¢ C3*Z{l,N-2)
170 CONTINUE
OBTAIN X-PARTIAL DERIVATIVES ALONG X = X{|)
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
200 DELXi = D_LX
IF (IOPTX ._Q. 0) DELXI - X(2) - X(l)
IF (DELXI .LE. ZERO} GO TO 9000
IF (SIGHAXtDELXI .LE. 650.0) GO TO 205
IERR = 3
GO TO 9000
2os IF (ISLPS. I) 2} GO TO 400
IF (ISLPSW( I } .EQ. 1 } GO TO 220
TIIIS CODE IS FOR A USER-DEFINED EDGE CONDITION
DO 2i0 J _ I,N
ZP(I,J,2) = ZX|(J)
210 CONTINUE
IF (ISLPSW(5} ._Q. I) GO TO 220
IF (ISLPSW(7} .EQ. I} GO TO 220
IF {IOPTX .EQ. O) GO TO 310
IF (ISLPSW(2) .EQ. I} GO TO 220
IF (ISLPSW(6} .EQ. 1) GO TO 220
IF (ISLPSW(8} .EQ. O} GO TO 310
TIIIS CODE IS FOR A COHPUTER-DEFINED EDGE CONDITION
220 DELX2 - DELX| + DELX!
IF (IOPTX .EQ. 0 .AND. H .GT. 2} DELX2 = X(3} - X(I}
IF (DELX2 .LE. DELXI) GO TO 9000
CALL QXZO60(DELX|,DELX2,SIGHAX,CI,C2,C3,H)
BRANCH SINCE ONLY THE CI'S ARE NEEDED
IF (ISLPSW([} .EQ. O} GO TO 300
DO 230 J = lwN
ZP(I,J,2) = Cl*Z(l,J} * C2*Z(2,J)
230 CONTINUE
IF {H .EQ. 2} GO TO 300
DO 240 J " I,N
ZP(I,J,2) = ZP(I,J,2} + C3*Z(3,J)
240 CONTINUE
OBTAIN X-Y-PARTIAL DERIVATIVE AT (X(I),Y{I)}
300 IF (ISLPSW(5} .EQ. I} GO TO 320
TIIIS CODE IS FOR A USER-DEFINED CORNER CONDITION
310 ZP(I,i,3} = ZXYII
GO TO 330
TllIS CODE IS FOR A CONPUTER-DEFINED CORNER CONDITION
320 ZP(I,I,3} = CI*ZP(|,I,|} * C2*ZP(2,I,I)
IF (H .GT. 2} ZP(I,1,3} _ ZP(I,I,3} + C3*ZP(3,1,1}
OBTAIN X-Y-PARTIAL DERIVATIVE AT (X(I},Y(N)}
330 IF (ISLPSW(7} .EQ. I} GO TO 340
THIS CODE IS FOR A USER-DEFINED CORNER CONDITION
ZXYINS = ZXYIN
GO TO 500
THIS CODE IS FOR A COHPUTER-DEFINED CORNER CONDITION
340 ZXYINS = CI*TEHP(N#I} + C2*TEMP(N_2)
IF (H .GT. 2) ZXYINS = ZXYINS • C3*TENP(Nt3}
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
GO TO 500
TIltS coDE 1S tO_ A NATURAL _.OG_ ALONG R - X{l)
400 DO 410 O=i,N
ZP(I,J,2) - ZERO
410 CONTINUE
ZP(I,|,3) _ ZERO
ZXYINS - ZERO
OBTAIN X-PARTIAL DERIVATIVE ALONG X = X(H)
500 IF (ISLPSW(2) .EQ. _) GO TO 700IF (ISLPSW(2) .EQ. ) GO TO 520
THIS cove i9 FoR A USER-DEfINED EDGE CONDITION
DO 5i0 J _ i,N
TEHP(NPH*J} _ ZXH{J)
510 CONTINUE
IF (ISLPSW{6) .EQ. |) GO TO 520
ir (ISLPSW(8) .EQ. o) Go TO 610
THIS CODE IS FOR A COHPUTER-DEFINED EDGE CONDITION
520 IF (tOPTX ._Q. O) GO TO 530
THiS CODE 19 fOR TIIE X-EQUALLY-SPACED CASE
ci - -el
C2 - -C2
IF (M .GT. 2) C3 - -C3
GO TO 540
THIS CODE IS FOR THE NON-X-EQUALLY-SPACED CASE
C
C
C
530 UELXH - X{N) - X(HHi)
IF (DELXH .LE. ZERO) GO TO 9000
IF (SIGMAX*DELXH .LE. 650.0) GO TO 535
IERR ffi 3
GO TO 9000
s35 DELXMH - DELXH + DELXM
IF (H .GT. 2) bELXHH _ X(H) - x(H-2)
IF (DELXHH .LE. DELXH) GO TO 9000
CALL QXZO60{_DELXM,-DELXMH,SIGHAX,CI,C2,C3,M)
C
C BRANCH SINCE ONLY TIIE CI'S ARE NEEDED
C
540 IF (ISLPSW(2) .EQ. O) GO TO _00
DO 550 J ffi I,N
TEMP(NPM*J) ffiCItZ(M,J) + C2*Z(MMI,J)
550 CONTINUE
IF (H .EQ. 2) GO TO 600
DO 560 J _ I,N
NPMPJ _ _PM + J
TEHP(NPHPJ) - TEHP(NPHPJ) + C3*Z(N-2,J)
560 CONTINUE
C
C OBTAIN X-Y-PARTIAL DERIVATIVE AT (X(H),Y(|))
C
600 IF (ISLPSW(6) .EQ. l) GO TO 620
THIS CODE IS FOR A USER-DEFINED CORNER CONDITION
610 ZP{H,1,3) _ ZXYH1
GO TO 630
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
Tfltg COD8 tS _Ofl _ coMPUTEfl-D_?t_ED CO_RR CONDITION
620 ZP(fl,l,3) - cl,ZP(fl, l,l} # C2*ZP(HHI,I,I)
IF (H .GT. 2) ZP(H,I,3) " ZP(H,I,3) + C3*ZP(M-2,I,I)
OBTAIN X-y-PARTtAL DERIVATIVE _T (X(H),Y(N))
630 IP (ISLPSW(8} .EQ- l) GO TO 640
THIS CODE IS FOR A USER-DEFINED CORNER CONDITION
ZXYHNS - ZXYMN
GO TO 800
THIS CODE IS FOR A COMPUTER-DEFINED CORNER CONDITION
640 ZXYMNS - CI*TEMP(NPM} T C2,TEMP{NPH-I)
IF (H .GT. 2) ZXYMNS _ ZXYHNS # C3*TEHP(NPM-2)
GO TO 800
TIIIS CODE IS ?OR h NATURAL EDGE ALONG X - X(M)
700 DO 710 J=I,H
TEMP(NPM#J) " ZERO
710 CONTINUE
ZP(M,l,3) - ZErO
ZXYHNS - ZERO
SET UP RIGHT HAND SIDES AND TRIDIAGONAL SYSTEM FOR Y-GRID
PERFORM FORWARD ELIMINATION ON THE FIRST COLUMN
800 DELl - DELYI
DELl = ONE/DELl
DO 810 I - l,M
ZP(I,2,1) - DELI*(Z(I,2) - Z(I,l))
810 CONTINUE
CALL QXZ061 (DIAGI,SDIAGI,SIGHAY,usbzJ
DIAGI _ ONE/DIAG|
IF (ISLPSW{3) .EQ. 2) GO TO 830
C
C TIIIS CODE IS FO_ A NON-NATURAL EDGE ALONG Y = Y(l)
C
ZP(I,I,3) - DIAGI*{ZP(I,2,3) - zP{l,l,3)}
ZP(M,I,3) " DIAGI*(ZP(M,2,3} - ZP(M,I,3))
TEHP(1) = DIAGI*SDIAGI
DO 820 I _ l,H
ZP(I,I,I) _ DIAGI*{ZP(I,2,I) - ZP(I,I,I))
820 CONTINUE
GO TO 850
C
C Tills CODE IS FOR A NATURAL EDGE ALONG Y _ Y(l)
C
830 DO 840 I_I,H
ZP(I,I,]} - ZERO
840 CONTINUE
zp(l,l,3) _ ZERO
ZP(M,l,3) _ ZERO
TEMP(]) " ZERO
850 IF iN .EQ. 2) GO TO 1000
TIIESE TERMS ARE DEFINED IN THE y-EQUALLY-SPACED CASE
C
C
C
DEL2 _ DELl
C
C
C
C
C
C
C
C
C
C
0I^c2 - bIAG1
SDIAG2 i sDIAGI
THIS IS TI{B FORWARD ELIMIHATION LOOP
LET THE WILD RUMPUS BEGIN
DO 930 3 ffi 2,NH1
JH1 - J - 1
oPl - J * 1
NPHPJ - NPH * J
IF (IOPT¥ .HE. O) GO TO 900
TIIIS CODE IS FOR THE NON-Y-EQUALLY-SPACED CASE
DEL2 = Y(JPI) - Y(J)
IF {DEL2 .LE. ZERO) GO TO 9000
IF {SICMAY*DEL2 .LE. 650.0) CO TO 890
IEER _ 3
GO TO 9000
890 DELI _ ONE/DEL2
CALL QXZO6|(DIAG2,SDIAG2,SIGMAY,DEL2)
CONTINUE TIIE FORWARD ELIMINATION LOOP
900 DO 910 I _ 1,H
ZP{I,JPI,I} - DELI*(Z(I,JPI} - Z{I,J}}
910 CONTINUE
ZP(I,JPI,3) - DELI*(ZP(I,JPI,2} - ZP(I,J,2))
ZP(H,JPI,3) - DELI*(TEMP(NPMPJ+I) - TEMP(NPMPJ}}
DIAGIN " ONE/(DIAGI + DIAG2 - SDIAGI*TEMP(JM|))
DO 920 I " l,M
ZP(I,J,I) - DIAGIN*(ZP(I,JPI,I) - ZP(I,J,I) -
, SDIAGI*ZP(I,JMI,I))
920 CONTINUE
ZP(I,J,3| - DIAGINt(ZP(I,JPI,3} - ZP(I,J,3| -
• SDIAGI*ZP(I,JHI,3))
ZP(H,J,3) - DIAGINt(ZP(H,JPI,3) - ZP(H,J,3| -
• SDIAGI*ZP(M,JHI,3}}
TEMP(J) = DIAGINtSDIAG2
DIAGI = DIAG2
SDIAGI = SDIAG2
930 CONTINUE
C
C END OF THE FORWARD ELIMINATION LOOP
C NoW PERFORM FORWARD ELIMINATION ON THE LAST COLUMN
C
I000 IF {ISLPSW{4} .EQ. 2} GO TO 1020
C
C TIIIS CODE IS FOR A NON-NATURAL EDGE ALONG Y - ¥(N}
C
DIAGIN _ ONE/(DIAGI - SDIAGI*TEMP(NMI}}
ZP(I,N,3) - DIAGIN*(ZXYINS - ZP(I,N,3) -
• SDIAGI*ZP(I,NHI,3}}
TENP(N} = DIAGIN*(ZXYMNS - ZP(H,N,3] -
, SDIAGI*ZP(M,NHI,3}}
DO 1010 I = I,H
ZP(I,N,I} = DIAGIN*(TEMP(N*i) - ZP(I,N,I| -
• SDIAGI*ZP(I,NMI,I}}
I010 CONTINUE
GO TO II00
C
C THIS CODE IS FOR _ NATURAL EDGE ALONG ¥ = Y(N}
C
1020 DO 1030 I=I,H
ZP{I,N,I} _ ZERO
1o3o CONTINUE
C
C
C
C
C
C
C
C
zp(l,m,3) - ZERO
TEMP(_} " ZERO
pERFORM BACK SUBSTITUTION
1100 DO 1120 J = 2,N
JBAK = NPI - J
JBAKP1 = JBAK + I
T = TEMP{JBAK}
DO 1110 I = l,M
Zp(I,JBAK,I} " Zp{I,JBAK,I} - T,ZP{I,JBAKPI,I}
III0 CONTINUE
Zp(I,JBAK,3} = ZP{I,JBAK,3} - T_ZP(I,JBAKPI,3}
TEHP(JBAK} = ZP(M,JBAK,3} - TtTEHP(JBAKPI}
I120 CONTINUE
SET UP RIGIIT IIAND SIDES AND TRIDIAGONAL SYSTEM FOR X-GRID
PERFORM FORWARD ELIMINATION ON THE FIRST COLUMN
RECALL THAT SOME TERMS ARE ALREADY ZERO FOR A NATURAL EDGE
DELl = DELXI
DELI - ONE/DELl
DO 1200 J = I,N
ZP(2,J,2} = DELI'{Z{2,J} - Z{l_} I
ZP(2,J,3} = DELI*(ZP(2,J,I) - ( ,J,l}}
1200 CONTINUE
CALL Q_Z061 [DIAGI,SDIAGI,SIGMAX,DELI)ONE/DIAGt
IF tISLPSWtIt,_EQ" 2} GO TO 1220DO 1210 J -
ZP(I,J,2) _ DIAGI_(ZP(2,J,2} - ZP(I,J,2})
gP(1,J,3} = DIAGI*(ZP(2,J,3) - ZP(I,J,3)}
1210 CONTINUE
1220 W 1 MPtNPI) = ZERO
IF (M .EQ. 2) GO TO 1400
C
C THESE TERMS ARE DEFINED IN THE X-EQUALLY-SPACED CASE
C
DEL2 = DELl
DIAG2 = DIAGI
SDIAG2 _ SDIAGI
C
C THIS IS THE FORWARD ELIMINATION LOOP
C
DO 1330 I = 2,HM1
IMl = I - I
IPI = I + 1
NPI _ N ¢ I
IF (IOPTX .NE. O} GO TO 1300
C
C Tills CODE IS POE TIIE NON-X-EQUALLY-SPACED CASE
C
DEL2 = X(IPI} - XtI}
IF {PEL2 .LE. ZERO} GO TO 9000
IF (SIGHAX*DEL2 .LE. 650.0) GO TO 1290
IERR = 3
GO TO 9000
1290 DELI = ONE/DEL2
CALL QXZO61(DIAG2,SDIAG2,SIGMAK,DEL2}
C
C CONTINUE THE FORWARD ELIMINATION LOOP
C
1300 DO 1310 J - 1,N
ZP(IPIrJ,2} = DELI*iZiIPI,J} - Z{I,J}}
ZP(IPI,J,3) " DELI*(ZP(IPI,J,I) - ZP(I,J,I))
1310 CONTINUE
DIAGIN - ONE/(DIAGI _ bIAG2
DO 1320 J : DIAGI_*{ZP{IPI,J,2) - Zp(I,J,2) -
,ZP(I,J,2) SDIAGI*ZP(IMI,J,2))
ZP(I,J,3) = DIAGIN*{ZP(IPI,J,3) - ZP(I,J,3) -
, SDIAGI*ZP{IMI,J,3))
1320 CONTINUE
TEMP{NPI) " DIAGIN*SDIAG2
DIAGI - DIAG2
SDIAGI _ SDIAG2
1330 CONTINUE
C
C END OF THE FORWARD ELIHINATION LOOP
C NOW PERFORM FORWARD ELIMINATION ON THE LAST COLUMN
C1400 IF {ISLPSW{2) .EQ. 2) GO TO 1420
c x{M
C TIIIS CODE IS FOR A NON-NATURAL EDGE ALONG X - )
C DIAGIN _ ONE/{DIAGI - SDIAG|tTEHP(NPH - 1))
DO 1410 J = I,N
ZP(H,J,2) = DIAGIN*(TEMP(NPN¢J) - ZP(M,J,2) -
, SDIAGI*ZP(MMI,J,2))
ZP(M,J,_) = DIAGIN*(TEMP(J) - ZP(M,J,3) -
, SDIAGI*ZP(MMI,J,3))
1410 CONTINUE
GO TO 1500
c x{N)
C THIS CODE IS FOR A NATURAL EDGE ALONG X =
C
1420 DO 1430 J=I,N
ZP(M,J,2) = ZERO
ZP(M,J,3) = ZERO
1430 CONTINUE
C
C PERFORM BACK SUBSTITUTION
C
1500 DO 1520 I = 2,M
IBAK = MPl - I
IBAKPI _ IBAK _ I
T ffi TEMP(N+IBAK|
DO 1510 J = I,N
ZP{IBAK,J,2) - ZP(IBAK,J,2} - T,ZP{IBAKPI,J,2)
ZP(IBAK,J,3) " ZP(IBAK,J,3) - T,ZP(IBAKPI,J,])
1510 CONTINUE
1520 CONTINUE
IERR = 0
9000 RETURN
END
GO TO 1500
C
C T111S CODE IS FOR A NATURAL EDGE ALONG X = X(M}
C
1420 DO 1430 J_I,N
Zp(M,J,2) = ZERO
ZP{M,J,3) = ZERO
1430 CONTINUE
C
C PERFORH BACK SUBSTITUTION
C
1500 DO 1520 I = 2,M
IBAK = MPI - I
IBAKPI = IBAK + 1
T _ TEMP(N+IBAK)
DO 1510 J " I,N
_ SDIAGI*TEMP{NPI - I))
